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A sequence stratigraphic model has been developed for a seven core transect across a 
series of coastal limestone terraces exposed on the southern coast of the Dominican 
Republic. Combined, these cores provide a fairly continuous record of fringing-reef 
development and margin evolution over the past 1.6 myr. This period encompasses the 
transition from an obliquity dominated climate regime (40 kyrs cycles) to a high 
amplitude eccentricity dominated regime (100 kyrs) following the Mid-Pleistocene 
climate transition (MPT). Furthermore, the cores span two major ecological transitions in 
the predominant reef-building coral fauna which appear to be associated with the MIS-11 
and MIS-31 super-interglacials; two of the longest and warmest interglacial periods over 
the past 2 myr. Combined, the DR cores provide an ideal setting to assess how the timing 
and amplitude of sea level change can influence facies distributions both laterally and 
vertically, as well as the influence of sea level fluctuations on diagenetic trends and 
porosity development across the margin.  
The sequence stratigraphic model for the cores is based on integrated 
chronostratigraphic tools including U-series dating, paloemagnetism, nannofossil, and 
lithostratigraphic and biofacies distributions. We have constrained ages from ~1.6 Ma to 
~125 Ma (the last interglacial).  One of my goals was to constrain the regional extinction 
and ecological decline of Stylophora (and other extinct taxa) and determine whether the 
transition from Stylophora to Acropora dominance was due to protracted climatic 
deterioration and cooling between 2.0 to 0.8 Ma, or the onset of high amplitude sea-level 
fluctuations at ~400 Ka. Chronological constraints suggest this ecological turnover was 
the result of the MIS 31 highstand event. Correlation of the sequences in the youngest 
and most seaward cores (Core 4 and Core 5) has provided grounds for interpreting reef 
morphology and architectural evolution from the shelf through the slope and basin for the 
last ~800 ka.  The higher amplitude (100 kyr) cycles resulted in rapidly prograding, well 
developed, Acropora dominated reefal facies.  Significant depositional changes are also 
associated with the extensive shelf flooding of MIS 11, a higher highstand. Reef 
development in the shallow shelf waters resulted in more carbonate production, steeper 
slopes and significant carbonate “highstand shedding” into the forereef.  
Geochemical characterization for this seven-core transect shows the evolution of 
diagenetic signatures as the deposits get progressively older. We have established the 
diagenetic history for each core by integrating stable isotopes of the carbonates (δ13C and 
δ18O), trace elements, total organic δ13C, Total Organic Carbon (TOC), and petrography. 
Over time, the fringing reefs margin hosts a diversity of geochemical regimes (marine 
phreatic, meteoric phreatic, and vadose) and different degrees of meteoric overprint. 
Cores 4 and 5 provide a complete record of diagenetic evolution from marine to meteoric 
diagenesis since the last interglacial (~125 kyr). Landward through 
the transect, the cores show the complexity that develops with meteoric stabilization and 
further diagenetic alteration associated with repeated sea-level changes.  
	 
The complex depositional and diagenetic relationships that develop along a reefal 
margin make it difficult to predict associated porosity and permeability distributions. One 
of the challenges is to use the appropriate scale to properly address these highly porous 
vuggy carbonates. To address this problem, vertical profiles of hydraulic conductivity 
were calculated from short-interval straddle-packer injection tests in a three-well transect 
across the Pleistocene reefal limestones. Combined with whole-core porosity estimates 
and small diameter (2.54 cm) plug estimates of matrix porosity and permeability, these 
data provide a means of assessing the scale-dependent petrophysical variability within a 
complex carbonate pore system, as well as the primary factors that control flow within 
such a system. Permeability values (converted from hydraulic conductivity) based on in 
situ injection tests ranged between 5-25 Darcy (D), up to six orders-of-magnitude higher 
than associated plug permeability values (0.0001-19 D). Injection permeability strongly 
correlated to larger-scale vuggy porosity, quantified by subtracting the plug-based 
“matrix” porosity from the whole-core “total” porosity. Similarly, the underestimation in 
permeability that results from plug versus well injection tests for these vuggy carbonates 
becomes enhanced over time as cementation occludes matrix porosity and dissolution 
opens up larger molds and vugs especially corals and other large aragonitic grains. The in 
situ permeability values measured in the DR reefal carbonates provide realistic values 
useful in the assessment of flow potential in aquifers and reservoirs of other complex 
matrix-vug dual pore systems.
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PREFACE 
This dissertation establishes an integrated chronostratigraphic and sequence 
stratigraphic model to evaluate both depositional and diagenetic processes of a fringing 
reef margin during Pleistocene sea level fluctuations.  The dissertation is built around a 
seven core transect collected across the southern coast of the Dominican Republic.  These 
cores range in depth from 50 to 150 meters for a combined total of 581 m of core borings.  
This archive provides a unique opportunity to advance our understanding of fringing reef 
systems by looking at a longer time span from a single region.  High core recovery 
provides adequate material for high-resolution stratigraphic analysis, and the relatively 
close spacing of the wells allows for accurate correlation from shallow backreef to deep 
fore reef environments.  The deeper core intervals (>100 m) lie below the zone of 
meteoric diagenesis and provide a unique and well-preserved record of lowstand reef 
deposition.  Overall, the cored material ranges in age from ~1.6 Ma to 0.125 Ma.  This 
interval spans the transition from the low amplitude (40 kyr) sea-level oscillations of the 
early Pleistocene to the high-amplitude (100 kyr) cycles in the middle to late Pleistocene. 
The interdisciplinary approach of this dissertation combines detailed core 
descriptions with integrated chronostratigraphic and geochemical analyses to characterize 
both depositional and diagenetic heterogeneities across the core transect.  As such, the 
dissertation is divided into four main chapters: (Chapter1) Methods, (Chapter 2) Fringing 
Reef Development in Response to Pleistocene Sea Level Fluctuations, (Chapter 3) 
Diagenetic Evolution of a Fringing Reef Margin during Pleistocene Seal Level 
Fluctuations, and (Chapter 4) The Influence of Depositional and Diagenetic 
Heterogeneities on Fluid Flow within of a Fringing Reef Margin. 
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Chapter 1 
Methods 
1.1 Summary 
 
The primary objective of this dissertation is to establish an integrated 
chronostratigraphic and sequence stratigraphic model to evaluate both depositional and 
diagenetic processes of a fringing reef margin during Pleistocene sea level fluctuations.  
The dissertation is built around a seven core transect collected across the southern coast 
of the Dominican Republic. This chapter outlines the detailed field and laboratory 
analyses used to identify depositional sequences and establish chronostratigraphic 
constraints (chapter 2), and characterize the diagenetic evolution of the margin through 
time (chapter 3).    
1.2 Field Methods 
Samples for this study were obtained from both outcrop (hand-samples and ~1 m 
outcrop cores) and a transect of seven vertical core borings (~5 km across) drilled 
perpendicular to the coast near Boca Chica, Dominican Republic (Figure 1.1).  Boreholes 
were drilled using a man-portable diamond rotary drill for a total penetration of 581 m 
between the seven cores.  Based on preliminary outcrop and quarry descriptions, three 
cores were drilled in the older deposits of the 50 m terrace, two in the 30 m terrace, 1 in 
the 15 m terrace and one in the 6-m terrace. The cores range in depth between 50 and  
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150 m.  Cores were drilled and recovered in lengths of 1.5 m (Table 1.1).  At the drill 
site, rock recovered in each core run was measured, marked for orientation, and briefly 
described.  After being shipped to Miami, the cores were sliced in half longitudinally to 
produce a flat surface for description and sampling.  Before sampling, the cut surface was 
imaged and logged using a Geotek Multi-Sensor Core Logger (MSCL).  Sampling 
methodology for sedimentological, petrographic, faunal, and chronological studies was 
based on lithological variations, key boundaries, and availability of adequate material.  
 
Table 1.1: Drilled cores depth and recovery. Table also shows diameter of the drilled 
cores. 
Core Depth 
(m) 
HQ (96mm or 
3.8in) 
NQ 
(47.5mm or 
1.87in) 
NTW (75.70mm 
or 2.98in) 
Recovery 
1 94.5 0-28.0 m; 53.0-
66.0 m 
28.0-51.50 
m 
66.0-94.50 m 66% 
      
2 54.5 0- 54.50 m N/A N/A 48% 
      
3 69.5 0-60.50 m 60.5-69.50 
m 
N/A 66% 
      
4 114.5 60.5-64.0 m N/A 64.0-114.5 m 67% 
      
5 149 20.0 m N/A 60-149.0 m 79% 
      
6 101 0-47.0 m N/A 47.0-101.0 m 54% 
      
7 51.5 0-27.0 m N/A 27.0-51.50 m 26% 
 
1.3 Lithostratigraphy and Biofacies Methods 
Description of textural-based depositional facies, biofaunal facies of the seven 
cores and numerous outcrops were used to determine depositional packages, and vertical 
and lateral lithofacies heterogeneity.  Stratigraphic boundaries are recognized in core as 
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subaerial exposures, firmgrounds/hardgrounds, and distinctive textural and faunal 
changes that represent abrupt water-depth changes. The assignment of sequence 
boundaries, however, is not always clear-cut and definitive using core given some subtle 
facies changes and the lack of full recovery in some intervals.  Therefore, the 
distributions of facies, the indicators of subaerial exposure are coupled with geochemical 
characterization (mainly mineralogy and stable isotope values) to best constrain 
stratigraphic surfaces, sequence boundaries, and systems tracts. Eberli et al. (2001) have 
shown that some surface-related diagenetic changes can provide strong indicators of 
changes in sea level based on the diagenetic potential of carbonates.  Biofacies 
characterization that was employed includes the specific indicator coral species, coral-
species richness, percentage of reef crest indicator coral (Acropora palmata), and coral 
growth form (e.g., massive, platy, branching). 
1.3.1  Petrographic Method 
Petrographic analysis of thin sections (2 x 3 in size, 5 x 7.5 cm), for the Cores 6, and 
sections of Cores 1, 4, and 5 not previously characterized by Hernawati (2011) were 
performed using a Leica DM 750P Microscope equipped with a digital camera.  The thin 
section was examined to help constrain the depositional fabrics and the diagenetic 
history.  Textural classifications of Embry and Klovan (1972) was used for general 
component and matrix descriptions.  Cements types are based on their shape, size, and 
crystal orientation.  They were characterized between the marine (including needle, 
botryoidal, peloidal and microcrystalline types) and meteoric varieties (including blocky, 
dogtooth, syntaxial and meniscus types).  To characterize the diagenetic zones, cement 
descriptions of the thin sections were simplified using the classifications given by Folk 
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(1965) and Flügel (2004), while the pore types were described using the classification 
from Choquette and Pray (1970).  
1.4 Chemostratigraphic Method 
1.4.1  Mineralogy (X-ray diffraction)  
XRD measurements employed a PANalytical X'pert Pro X-Ray diffractometer 
following the protocol established by Swart et al. (2000).  Powdered samples were 
homogenized and mixed with deionized water, and the resultant paste mounted on glass 
slides. The XRD scans were run for only the main carbonate minerals (aragonite, calcite, 
and dolomite).  Each mineral was identified using its 2θ peak position. The primary peak 
area for each of the carbonate minerals was measured by the PANanalytical software.  
Percentages of aragonite, calcite, and dolomite were calculated based on a series of in-
house standards.   The standards used in this calculation were compiled from different 
mixtures of pure aragonite, calcite (LMC, HMC), and dolomite. 
 1.4.2   13C/12C and 180/16O isotopes 
Bulk powdered samples were used to analyze stable C and O isotopes using a 
Finnigan MAT-251 mass spectrometer (Swart et al., 1991). The bulk sample stable 
isotope values represent the average value of the grains, matrices, and cements in the rock 
sample.  In each run of 24 samples, four standards were processed at the start of the run 
and two at the end, followed by a measurement of the zero enrichment.  Data is corrected 
for isobaric interferences using the procedures of Craig (1957), modified for a triple 
collector mass spectrometer.  Average standard deviation based on replicate analyses of 
internal standards is <0.1‰.   The resulting values are reported in per mil (‰) and are 
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calibrated relative to the Vienna Pee-Dee Belemnite (VPDB). The precision of the δ18O 
and δ13C values, determined by repeated measurements, is less than 0.1‰.  Further 
interpretation regarding the change in these isotope values was based on the studies of 
Allan and Matthews (1982), Swart (2015), and the petrological results of this study. 
1.4.3  Minor and Trace elements 
Elemental concentration combined with δ18O and δ13C analysis of carbonates can 
aid in the interpretation of the geochemical signature (Fairchild and Treble, 2009). Minor 
and trace elements are precipitated by substitution with Ca2+, between lattice planes, at 
site defects or as adsorbed cations (McIntire, 1963; Moore, 1989).  In general, the minor 
elements (Sr, Mg and Na) are usually present at concentrations greater than 100 to 1000 
ppm and the trace elements (Mn and Fe) are usually present at concentrations of less than 
1 to 10 ppm (Swart, 2015).  In open marine conditions trace element concentration is so 
low that it is difficult to determine those elements that substitute for the Ca cation from 
those that are present as surface contaminants.   As such, high concentrations of certain 
elements like Fe and Mn can be indicative of meteoric influence (riverine input and/or 
atmospheric dust) (Swart et al., 2014).   
The concentration of minor and trace elements is determined using inductively 
coupled plasma optical emission spectroscopy (ICP-OES).  Elemental analysis included 
Ca, Mg, Sr, Ba, Co, Cu, Fe, K, Mn, Zn, Zr, U, Rb, and Sn for which 50 mg of powdered 
sample are dissolved in 50 ml of 4% nitric acid.  The solutions are then vortexed before 
being measured to insure adequate mixing and dissolution. Corrections are made using 
one blank sample and six different standard concentrations of calcite and dolomite 
(Swart, personal communication).   
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1.4.4  Total Organic Carbon (TOC) 
Profiles for total organic carbon (TOC) and organic δ13C were measured for the 
two seaward-most cores (4 and 5) in the transect.  As the amount of carbonate varies 
through the core, a preliminary test is done to assess how much sample is needed to 
obtain enough insoluble organic residue for accurate results.  The initial sample used 
varied between 800-1500 mg.  In general, the more carbonate rich the sample, the more 
sample is needed.  Ten percent HCl was added to the initial powder sample to dissolve 
the carbonate component.  The insoluble residue that remained was filtered using a 
vacuum filtration system.  Once the samples were filtered and all insoluble material 
collected, the filter paper with the sample was dried in a desiccator and weighted.  A 
partial amount of the filtered sample (between 5-8 mg) was then packed in tin capsules 
and precisely weighted on a microbalance. Then tins were combusted using a Dumas type 
combustion chamber (Costech EA ECS 4010).  The resulting CO2 gas was transferred to 
a continuous flow isotope-ratio mass spectrometer (Delta V Advantage, Thermo Fisher 
Scientific) for measurement.  For every run of 36 samples, 12 internal standards were 
analyzed to calibrate the machine and to assess the precision of the measurements.   An 
analytic blank and six internal standards preceded the first sample analysis, and two 
standards were run for every ten samples analyzed.   Standard weights were chosen to 
bracket the range of organic carbon concentrations expected in the samples.  The 
reproducibility of δ13C values is ± 0.1% as indicated by the standard deviation (0.4%) of 
replicate analyses of internal standards of glycine (n= 54, δ13C = - 31.8% VPDB). All 
δ13Corg data are reported relative to the VPDB scale, defined for organic carbon as the 
δ13C value of graphite (USGS24) = -16.05% versus VPDB (Coplen et al., 2006). 
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To calculate weight percent carbon in the insoluble residue (IR), a calibration line 
was established that related the peak area measured by the Delta V Advantage (Thermo 
Fisher Scientific) to the known weight of carbon in the internal standard, glycine.  Delta 
V Advantage peak area measurements for each sample were transformed to mg of 
organic carbon in the insoluble residue using the equation of the calibration line.  Organic 
carbon concentration in the insoluble residue was converted to TOC by the following 
equation: 𝑇𝑂𝐶 =  !!"# !" !" (!") !"!#$ ! !" !"#$!! (!")!"!#!$% !"#$!! !" !!! !"#$%"&' (!"))  𝑥 100 
  
1.5 Chronostratigraphic Methods 
A chronostratigraphic framework has been developed based on radiogenic ages 
(U-Pb, U-Th), paleomagnetic data, first and last occurrence of key coral (i.e. Stylophora 
sp. and Acropora palmata) and calcareous nannofossil species (provided by 
biostratigrapher Rui de Gamma, Shell Oil Co.). A total of 172 samples systematically 
collected from cores 1-6, were screened for microfossils. 
1.5.1  Diagenetic Screening for Coral Radiometric Age Dating 
The preservation of original mineralogy of coral specimens, critical for age 
dating, was assessed by analysis that included geochemical signatures (X-ray diffraction 
and stable isotopes) and petrographic characterization (scanning electron microscopy and 
thin-sections).   Coral samples selected for dating possessed: 1) well-preserved coral 
micro-morphological features such as teeth and denticles as well as micro-structural  
calcification centers and radiating bundles of aragonite fibers; 2) no secondary pore lining 
cements; and 3) >90% or more aragonite mineralogy.   
(1) 
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1.5.2  Scanning Electron Microscopy (SEM) 
Scanning Electron Microscopy (SEM) was used to examine preservation of coral 
samples collected through the core for age dating.  Samples selected were cut into square 
chips with flat surfaces small enough to mount onto specimen stubs. The samples were 
then sputter coated with palladium and examined using an FEI XL-30 Field Emission 
ESEM/SEM.  Imaging capabilities of the instrument range from 100 to over 100,000X. 
The instrument also has an EDS (energy dispersive spectrometer) to obtain an elemental 
analysis of the sample by collection x-rays from elements above atomic number 9. This 
provides a semi-quantitative application to detect the elements in the sample if their 
presence is above 5%.   
1.5.3  U-Th Geochronometry of Corals   
  A total of fifteen corals expected to be younger that 600 ka, based on 
terrace location and/or depth in the core, were selected based on initial visual inspection.  
After stable isotope analysis, mineralogy, and SEM screening, seven samples were 
analyzed for age dating (Table 1.2) using U-Th geochronometry at the University of 
Miami’s Neptune Isotope Laboratory (NIL) following the protocol established by 
Pourmand et al. (2014).  This method is based on the decay of 238U to 230Th to determine 
the age of the sample To minimize the effects of sample heterogeneities, 150 mg of 
sample material was micro-drilled for both pre-screening of the material for U and Th 
concentrations and extraction chromatography isotope dilution mass spectrometry.   
Certain assumptions must be made when dating using the U-Th technique.  The 
sample must be within the dating limits of the methodology (i.e., less than 600 ka) and a 
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closed-system must be maintained; there should be no evidence for loss or gain of parent 
and daughter radionuclides.  In addition to subjecting all samples to our diagenetic 
screening protocol (see above), the closed-system assumption of the selected samples can 
be further evaluated at the time of the analysis by screening for the activity of 234U/238U 
ratio as compared to seawater composition over the last 360 kyr (Henderson, 2002).  
The closed system assumption implies that the measured isotopic ratios result 
from radiogenic decay and no parent or daughter has been added or removed from the 
system.  Although corrections for initial Th can be applied, in the case of corals, the 
assumption that initial 230Th is negligible, arises from the fact that marine species like 
corals do not actively incorporate Th into their carbonate lattice. For samples with low 
232Th, there is minimal initial 230Th and therefore if the initial 230Th/232Th activity ratio is 
not accurately known, impacts of the uncertainties around this value will be minimal on 
the overall uncertainties of the age calculation (Edwards et al., 2003).  In the case of 
carbonates that precipitate in the oceans, the activity ratio of 234U/238U should not deviate 
from the seawater value of 1.145 by more than 15‰.   Deviations from the seawater 
value can indicate diagenetic alteration that could lead to loss or gain of parent/daughter 
isotopes.  The modern marine δ234U value (δ234U = 100 (234U/238U-1) measured in marine 
waters is 140-150‰ and in modern corals is 145.8 ± 1.7‰ (Cheng et al., 2000b).  
Considering the premise that corals incorporate marine uranium without isotopic 
fractionation, deviations from the 140-150 ‰ value also suggest diagenetic alteration. 
The 3-step protocol used includes sample dissolution (100-200 mg), matrix 
separation and U and Th recovery using UTEVA (Eichrom Inc.) extraction 
chromatography.   Samples are dissolved in 6 M HNO3 and spiked with ca. 0.5 g 229Th-
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233U-236U spike mixture. The UTEVA columns are then conditioned with 10 ml 0.1 mol l-
1 HCl and 5 ml 6 mol l-1 HNO3 before sample is added to the column for matrix 
extraction using 25 ml 6 M HNO3.  For Th and U elution, 10 ml 3 M HCl, and 10 ml 1 M 
HCl are used, respectively.  This separation allows for independent determination of U 
and Th isotopic concentrations by isotope dilution mass spectrometry and improves 
counting statistics in young samples or those with low U concentrations (Pourmand et al., 
2014).  The collected samples are then evaporated at 150°C until 5-10 µl remain.  The 
samples and U (CRM112a) and Th (IRMM-35) standard solutions are then introduced to 
the plasma in 0.45 M HNO3 + 0.05 M HF through an Elemental Scientific (ESI) Apex-Q 
desolvation nebuliser using a 92 II min-1 PFA nebulizer.  After both U and Th isotopes 
are measured, ages are calculated by a data reduction algorithm developed in 
Mathematica by Pourmand et al. (2014), and reported at a 95% confidence level.   The 
equation used to determine the age of a coral sample is: 
 
 
This technique considers U and Th isotope covariance and propagation of uncertainties 
on decay constants and other sources of random and systematic uncertainties on corrected 
ages (Pourmand et al, 2014).  Each sample was screened for the presence of 232Th and 
only samples with negligible common Th were processed further for age determination. 
Age corrections are applied based on assuming the (230Th/232Th) initial activity ratio of  
0.8±0.2; the average value for the continental crust. Selecting higher values for the initial 
activity ratio of Th isotopes did not significantly change the ages of the samples. 
(2) 
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1.5.4  U/Pb Geochronometry of Corals 
A total of 23 coral samples believed to be older corals (>500 ka) were selected 
based on initial visual inspection (see above).  After stable isotope, mineralogy, and SEM 
screening (Table 1.2), 12 samples were sent to the University of Melbourne, Australia to 
be dated using the U-Pb technique established by Woodhead et al. (2006).  Three corals 
produced dates (see Chapter 2).    
The potential for using the U-Pb system for dating is based on similar 
considerations to the U/Th technique: (1) initial homogeneity of the daughter isotope(s), 
(2) spread in the parent-daughter ratio, (3) half-life of the parent, and (4) closed-system 
behavior.   The most common challenge for U-Pb dating is the incorporation of “common 
Pb” as a source of contamination (i.e. not from radiogenic decay), and the low 
concentration of parent U for younger samples (less than a few million years) 
(Woodhead, 2012).  Nevertheless, Rasbury and Cole (2009) shows that U-Pb corals dated 
from the Miocene to present have higher initial concentrations of U vs. Pb (Smith and 
Farquhar, 1989; Denniston et al., 2008; Getty et al. 2001) the younger the samples, 
associated with a rise in U/Ca in the oceans from the Miocene to present.  Making young 
Pleistocene corals suitable for dating. 
U-Pb dating of any fossil coral is subject to several sources of uncertainty, 
including preservation of original U-series ratios, contamination of material by 
introduction of new cements, detrital or any other source of excess Pb, internal analytical 
error, and minimum uncertainty associated with the half-life of 234U (Cheng et al., 2000).  
In addition, departures of late Miocene seawater δ234U values from the modern value of 
145‰ would change the impact of the 234U excess- 206Pb correction.  This premise is in 
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itself based on the assumption that the ocean water 234U/238U ratio (i.e. δ234U) has 
remained constant over the past 360 kyr, and no temporal trend is apparent over the last 
800 kyr (Henderson, 2002).  
The power of the U-Pb system lies in the utility of two independent decay schemes, U- 
Pb and 235U- 207Pb, which provide cross-checks on the reliability of the ages (Rasbury 
and Cole, 2009).  The age equation provides the basis for calculating dates in radioactive 
isotope systems: 
 
The subscript m refers to the measured amount of an isotope at present, while the 
subscript i refers to its initial concentration. The symbol l is the decay constant (Jaffey et 
al., 1971) for the appropriate parent isotope, and t is the time elapsed from initial 
conditions to the present. 
Material is sampled using a microdrill with individual sample sizes between 100–
250 mg, to have between 150 pg and 2.8 ng of Pb, depending on the sample’s Pb 
concentration.  Samples are then digested in 6 M HCl.  Aliquots are spiked with mixed 
U-Pb tracers before isotopic analyses on a Nu Plasma MC-ICPMS coupled to a Cetac 
Aridus desolvation system with a Glass Expansion OpalMist nebulizer.  Total processing 
blanks values are 10 ± 5 pg.  Ages are provided by the isotopic ratios plotted in a 
238U/206Pb–207Pb/206Pb inverse concordia (‘Tera Wasserburg’ or ‘semi-total Pb-U  
(3) 
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isochron’) plot and corrected for initial disequilibrium in the 238U and 235U decay chains.  
Ages for both U/Th and U-Pb are presented with 2σ uncertainty. 
 The main source of analytical uncertainty comes from mass bias corrections 
(Woodhead, 2002).   To correct for mass bias the analyses are referenced to external 
standards.  This change in protocol was based upon the observation that, at least for 
radiogenic samples, the error attributable to the mass bias correction is only a minor 
component of the overall analytical uncertainty (Woodhead, 2006). 
1.5.5  Strontium Isotopes( 87Sr/86Sr) 
A total of 62 samples were analyzed for all cores (See Appendix F).  Samples 
were not selected following any specific resolution, but based on availability of 
molluscan shell material. Strontium isotope stratigraphy relies on measurement 
of 87Sr/86Sr in marine biogenic carbonate or phosphate.  The assumption that the 87Sr/86Sr 
ratio of the world’s oceans has fluctuated uniformly through time has enabled a Global 
Standard Strontium Curve (GSSC) to be established (Howarth and McArthur, 1997).  The 
method works best for periods of time over which there was a long-term unidirectional 
shift in ratios.  Many studies have shown that the Neogene is generally a time of rapidly 
increasing 87Sr/86Sr in the global ocean and, hence, particularly amenable to dating and 
correlating marine sediments using strontium isotopes (McArthur et al. 2001; Howarth 
and McArthur, 1997; Elderfield, 1986; DePaolo and Ingram, 1985).  Strontium isotope 
stratigraphy gives a maximum time-resolution of about 1 Ma (DePaolo and Ingram, 
1985). 
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Table 1.2: Samples selected for radiometric dating. Samples in red were discarded 
after mineralogy and/or carbon and oxygen isotopes analysis showed diagenetic 
alteration. 
 
 
 
Sample Core-Depth XRD δ13C δ18O Sent to Date
BC13-11 short core 100% -0.79 -3.32 U-Th
BC13-13 short core 100% -0.91 -3.16 U-Th
13SC.H1 short core 75% 0.49 -3.58
13SC.H2 short core 87% -0.28 -4.08
13SC.14 short core 84% 0.32 -3.32
13SC.19 short core 93% -0.82 -4.13 U-Th
13SC.23 short core 88% -0.50 -3.83
13SC.27 short core 72% -0.12 -3.42
13SC.28A short core 88% -0.50 -3.66
13SC.28D short core 77% 2.06 -3.24
13SC.29 short core 85% 0.38 -3.59
KM10-13A short core 93% 0.42 -3.60 U-Th
KM10-13B short core 91% 0.49 -3.57 U-Th
KM10-14 short core 94% 0.39 -3.93 U-Th
DR4-2.6 4-2.6 93% 0.51 -4.03 U-Th
4B 78.8 4-78.8 97% -2.11 -2.70 U-Pb
4B 79.2 4-79.2 95% -1.31 -2.13 U-Pb
4B 82.4 4-82.4 86% -0.51 -0.94
4B 101.3 4-101.3 100% -0.36 -3.39 U-Pb
5B.4Mont 5-107 66% -0.78 -1.46
5B.3A 5-107.3 59% 0.49 -0.43
5B.5Mont 5-107.5 90% -0.78 -1.46 U-Pb
5B.1mod 5-107.7 72% -0.77 -0.80
5B.2P 5-110.2 88% 1.45 -0.87
5B.1E 5-110.3 87% 0.36 -0.81
4B 111.7 4-111.7 95% 0.69 -3.57 U-Pb
4B 112.10 4-112.1 95% 0.53 -2.41 U-Pb
4B 112.5 4-112.5 100% 0.01 -2.72 U-Pb
5B.3Mont 5-114.5 88% -0.25 -1.12
5B.2Mont 5-119 89% -0.01 -0.72
4B 119 4-119 100% -0.01 -3.33 U-Pb
5B.1Mont 5-122.2 83% 0.86 -0.69
5B.Colp 5-123.7 100% 0.90 -0.52 U-Pb
5B.MIR 5-127.3 100% -0.24 0.04 U-Pb
5B.2A 5-132.8 98% 2.04 0.82 U-Pb
5B.1P 5-134.7 85% 2.62 0.80
5B.1A 5-137.4 100% 2.85 1.57 U-Pb
5B.1D 5-144.9 80% 0.64 -0.36
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The strontium isotope ratios were measured using the Thermo Finnigan Multi-
Collector Inductively Coupled Plasma Mass Spectrometer (MC-ICP-MS) at the 
University of Miami Neptune Isotope Laboratory (NIL) following the protocol 
established by Pourmand et al. (2014).  Two different protocols for sample preparation 
and analysis were done.  Hernawati (2011) used both wet chemistry and laser ablation 
technique to test suitability of the two methods on the cored material.  Due to high Sr 
concentration and negligible Rb content in our samples, the precision and accuracy of 
87
Sr/
86
Sr ratios measured by laser ablation are comparable to samples that have been 
measured using wet chemistry (Irrgeher et al., 2016).  
Shell samples were selected based on signs of original preservation of the 
carbonate material.  They were cleaned and placed in diluted 10% HCl for 20-30 seconds 
to eliminate any surface contamination of bulk carbonate material from the core, when 
possible the central part or inside laminae of the shell was chosen.  The selected piece of 
shell was then mounted and laser ablated using a raster pattern.  Five cycles are 
performed for each sample. The standard MACS-3 certificate was measured in between 
each sample plus a blank solution?  Errors in measured 87Sr/86Sr are better than 0.00002 
(2 SE), based on long-term reproducibility of SMR987 (87Sr/86Sr = 0.71024).  The 
corrected isotopic ratio is used to estimate the age using the Pleistocene portion of Look-
Up Table Version 4:08/03 associated with the strontium isotopic age model of McArthur 
et al. (2001).  The table includes 95% confidence intervals on predictions of numerical 
age from 87Sr/86Sr.  Ages were then used to create an age-depth plot for each core.    
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The analyzed samples showed large uncertainties (errors) in the calculated ages, 
in addition when placed in a chronostratigraphic context by integrating other 
chronological techniques the ages obtained from strontium ratios are significantly older 
(Figure 1.1).  The data for these samples is presented in the Appendix F.  We consider 
two reasons for the inaccurate ages: (1) The stratigraphic resolution currently possible is 
1 Myr (Howarth and McArthur, 1997; DePaolo, 1986; Elderfield,1986) (2) high porosity 
and permeability of the cores suggests homogeneous diagenetic alteration throughout. 
1.5.6  Paleomagnetism 
One hundred and seventy-six (176) 1-inch (2.54 cm) diameter plugs were used for 
paleomagnetic analysis.   Plug samples were collected and prepared for analysis 
following the protocol established by McNeill et al. (1988).  Plugs were drilled 
perpendicular to the face of the core slab and the orientation in respect to the marked 
up/down direction.  Because the core was not oriented with reference to magnetic north, 
only the inclination can be used to identify periods of normal and reversed polarity.    
Magnetic polarities and stability of the magnetic remanence were determined in the 
Paleomagnetic Laboratory at the University of Florida and following the protocol 
established by Channell (2015, personal communication).   After measuring natural 
remnant magnetism (NRM), all samples were demagnetized by thermal demagnetization 
(60, 90, 120, 150, 180, 210, 240, 270, 300, 330, 360, 400, 450, 500, and 550°C) to isolate 
characteristic components of remnant magnetization.   The carbonate sample magnetism 
is usually weak and rarely reached the highest steps of thermal demagnetization.  
PuffinPlot software (Lurcock and Wilson, 2012) was used to create orthogonal plots, 
establish magnetic polarity, assess the nature and stability of the remanence, and to run 
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angular deviation statistics (maximum angular deviation, or MAD).  To place them in a 
stratigraphic context, the sequence of measured polarities were integrated and constrained 
by available radiometric and biostratigraphic markers. 
 
Figure 1.1: Example of Zijderveld plots. Plots show declination and inclination of 
natural remnant magnetization for different core samples in Cores 3, 4, and 5 (NRM) 
(PuffinPlot Software by Lurcock and Wilson, 2012).  
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Chapter 2 
Fringing Reef Development in Response to Pleistocene Sea Level 
Fluctuations 
 
2.1 Overview 
Geologic records of coral reef-dominated shelf margins have proven to be an 
important tool in understanding Quaternary sea level and climatic fluctuations (Mesolella 
et al., 1969; Fairbanks, 1989; Blanchon and Shaw, 1995).  For example, a number of 
drilling projects have described the accretionary history of reefs since the last glacial 
maxima (Adey and Burke, 1976; Macintyre and Glynn, 197; Macintyre et al., 1977; 
Adey, 1978; Lighty et al., 1978; Shinn et al., 1982; Hubbard et al., 1986, 1990, 1998, 
2005; Macintyre, 1988; Fairbanks, 1989; Gischler and Hudson, 2004; Gischler, 2006; 
Hubbard, 2008). Radiometric dating of corals, primarily Acropora palmata, within these 
cores has played an important role in reconstructing the timing and magnitude of sea-
level rise during the last deglaciation.  Accretion rates of acroporid reefs average 3.83 
mm yr-1, but have been reported as high as 14 mm yr-1 (Buddemier and Smith, 1988; 
Dullo, 2005; Hubbard, 2008). Changes in relative sea level and accommodation space 
appear to be the principal factor in determining how fringing reefs develop. As these 
reefs aggrade and respond to changes in relative sea level, reef zones migrate to generate 
complex three-dimensional facies geometries. Coring transects across reefs such as 
Galeta Point, Panama (Macintyre and Glynn, 1976) have allowed the facies geometries of 
Holocene fringing reefs to be reconstructed in great detail.  In a review of
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Holocene coring studies, Kennedy and Woodroffe (2002) identified six unique models of 
Holocene fringing reef development.  Fringing reefs will preferentially accrete vertically. 
If there is no vertical accommodation space available, either because the reef has 
established at, or grown to, the sea surface, or due to a relative sea-level fall, then it will 
prograde seaward. Reef growth may also be episodic. Episodic lateral and vertical growth 
occurs with a stepwise progradation of the reef front. For reefs with ample vertical 
accommodation space, accretion can be relatively faster on the crest and forereef zones 
leading to the development of a lagoon. This lagoon may be subsequently infilled through 
a combination of allochtonous reef-derived or terrigenous and in situ sediments.  The 
same lagoon form can also be created by the landward transport of storm rubble during 
hurricanes.  In these reefs, the crest is composed of rubble accumulation rather than 
framework growth. 
Records of Pleistocene reefs have provided additional information on the sea level 
history and ecological response of coral reefs to both short and longer-term climatic 
fluctuations (Humblet and Webster, 2017; Woodroffe and Webster, 2014; Hearty and 
Kaufmann, 2000; Eberli, 2000; Muhs et al., 2011; Schellmann and Radtke, 2004; 
Mazzullo, 2006).  For example, recent high-resolution dating of late Pleistocene reefs on 
the Yucatan peninsula have provided evidence for back-stepping of acroporid reefs in 
response to ice-sheet destabilization and rapid sea-level rise during the last interglacial 
(MIS-5e) (Blanchon et al., 2009).  Furthermore, in many areas it appears that the most 
recent phase of coralgal reefs may have initiated during MIS 11, what is thought to be the 
longest and warmest interglacial interval of the later Pleistocene (Droxler et al., 1997; 
Poore et al., 1999; Droxler and Farrell, 2000) when sea levels flooded many of the 
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shallow shelf areas. Best estimates for the initiation of the Great Barrier Reef are 542 to 
365 ka (Int. Con. Great Barrier Reef Drilling, 2001, Webster and Davies, 2003), and for 
the New Caledonian Barrier Reef ~400 ka (Cabioch et al., 2008). In the Caribbean, the 
Belize barrier reef appears to represent young (later Pleistocene) reefs overlying a series 
of siliciclastic deltaic and beach deposits (Ferro et al., 1999; Gischler et al., 2008), and 
reef growth in the Florida Keys is assumed to have initiated during MIS 11 (Multer et al., 
2002).  In other areas, reef development appears to extend back further. Reef 
development in the Ryukyu Islands initiated between 1.45-1.65 Ma with extensive reef 
formation dating back to ~0.8 Ma (Yamamoto et al., 2006). These authors argue 
increased reef development at ~0.8 Ma resulted from the shift to higher amplitude sea 
level fluctuations associated with the Mid-Pleistocene Climate Transition 
(MPT).  Faichney et al. (2009, 2011) identified changes in the distribution of sedimentary 
facies and reef morphology for submerged reefs of the Maui Nui Complex, Hawaii. The 
60–70 m amplitude of the 41 kyr sea level cycles would have led to repeated re-
occupation and growth of shallow coral reef environments during glacial low-
stands.  Post-MPT deep-water conditions, lead to the terraces dominated by deep 
coralline algal nodules and erosional bioclastic limestone. One of the longest documented 
Pleistocene reef records comes from the tectonically uplifted terraces of Barbados 
(Broecker et al., 1968; Mesolella, 1968; Mesolella et al., 1969, 1970; Bender et al., 1979; 
Radtke, 1989; Blanchon and Eisenhauer, 2001; Schellmann and Radtke, 2004).   Here, as 
on many other islands, the youngest reef formations are located at the lowest elevations 
close to the present coast, with older reef terraces forming at progressively higher 
elevations and further inland.  The “Barbados Model” reefs are widely cited for sea-level 
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and global climate change reconstructions (Fairbanks et al., 1989; Bard et al., 1990; 
Peltier et al., 2006), but the terraces only date back to 640 kyr (MIS 16). 
2.2 Objectives of the Study 
The Dominican Republic terraces provide a more complete record of western 
Atlantic fringing margin reefs and the evolutionary changes in coral species that built 
them from the Early Pleistocene (1.6 Ma) to the last interglacial (0.125 Ma).  As such 
they offer an opportunity to examine older Pleistocene reefs.  This succession not only 
fills in some of the gaps of past sea-level highstands recorded in the sequence of the 
uplifted terraces, but also characterizes reef depositional facies from the shallow shelf to 
the upper slope/outer shelf.  In addition, the deposits recovered at core depths of up to 
150 m, provide valuable information of reef response during sea-level falls and 
lowstands.  
The seven-core transect across the four coastal terraces provides a nearly 
continuous lateral and temporal record of fringing reef composition (coral species), the 
timing of faunal changes, and the dynamics of fringing reef development during a period 
in the Pleistocene where the dominant orbital sea-level cycles were changing from 41-ky 
to 100-ky periodicities. 
 This study develops a lithostratigraphic model that incorporates the different reef 
and reef-associated facies.  Although, notoriously difficult to date, the 
chronostratigraphic model provides age constraints to most of the transect with coral 
biostratigraphy, marine microfossil datums (calcareous nannofossils), magnetic reversal 
stratigraphy, and radiometric constraints (U/Th, U/Pb). The fringing reef transect may 
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helps provide a record of temporal changes in coral fauna, information on the rates of 
Pleistocene reef accretion, and a record comparable to other shelf and platform margins.   
2.3 Geologic Setting  
The study area is located in the southeastern coast of the Dominican Republic.  
The Dominican Republic occupies the eastern side of the island of the Hispañiola, with 
Haiti to the west side of the island.  Hispañiola is part of the Greater Antilles in the 
western Caribbean within a complex tectonic setting.   The island is divided by two 
microplates. The Gonave and the Hispañiola-Puerto Rico microplates lie within the 
transpressional boundary between the Caribbean and North American plate (Byrne et al., 
1985; Mann, 1995).  The Dominican Republic (Figure 2.1) is boarded in the eastern 
region by Los Muertos Trench (MT) and to the north by Septentrional Fault Zone (SFZ). 
The Los Muertos Trench marks the subduction of the Caribbean plate beneath the 
Hispaniola-Puerto Rico microplate.  
The southeastern region of the Dominican Republic is characterized by the 
Llanura Costera del Caribe (LCC).  An approximately 150 mile coastal plain bounded by 
the Cordillera Central to the west and the Cordillera Oriental to the north. Few geological 
studies have been done in this area.  Vaughan et al. (1921) was the first to describe the 
Neogene stratigraphy of the area, later redefined by Brouwer and Brouwer (1982). La 
Isabela Formation is described by Barrett (1962) as a series of 6-8 fairly continuous 
terraces in a belt of coastal reef limestones (Figure 2.2).  Like Barbados and the coast of 
Huon Peninsula, New Guinea (Aharon and Chappell, 1986: Humphrey and Kimbell, 
1990: Eisenhauer et al., 1993: Esat et al., 1999), the reef terraces are preserved by long-
term tectonic uplift, such that the youngest formations are located at the lowest elevations 
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close to the present coast, and older reef terraces at higher elevations and further inland.  
Based on satellite imagery of the southern coast (Figure 2.2), the four most clearly 
defined and traceable terraces are referred to here as the 6 m coastal terrace, the broad 15 
m terrace, the prominent 30 m terrace, and the 50 m terrace. 
Recent mapping of the area resulted in reconstruction of the paleogeographic 
evolution of the Plio-Pleistocene deposits of the Llanura Costera del Caribe (LLC) by 
Diaz de Neira et al. (2015), and sedimentation history by Braga et al. (2012).  The LLC is 
comprised of the Pliocene–Early Pleistocene Yanigua Formation, mainly consisting of 
marl, changes seawards to the mainly limestone Los Haitises Formation and the 
overlying Pleistocene deposits of La Isabela Formation.  The LCC in eastern Hispaniola 
is the result of the emersion of the shallow-marine Pliocene to Pleistocene deposits. The 
morphostructure reflects the depositional and uplift evolution of the region during the 
Quaternary controlled by the sedimentary history of the area, with a limited influence of 
tectonic processes other than moderate uplift and local faulting. The largest surface 
increase (5450 km2) took place in the Early– Middle Pleistocene by the emersion of the 
Yanigua Formation and Los Haitises Formation deposited in a shallow water marine 
platform during the Pliocene–Early Pleistocene. The reef barrier at the platform margin in 
the last depositional stages became a narrow elevation near and parallel to the shoreline 
after emersion, separating inland endorheic watersheds from the Caribbean Sea. Coral 
reefs and related back- and fore-reef carbonates formed the Upper Terrace of the La 
Isabela Formation.  
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Figure 2.1: Terraces have been 
uplifted and exposed by 
compressional forces from the 
Caribbean plate convergence 
and subduction along the 
Muertos trench. (Modified from 
Mann et al., 1995) The red 
square marks the study area. 
 
 
 
 
Figure 2.2: Location of study 
area along the southern coast 
of the Dominican Republic. 
Terraces from a continuous belt 
of Pleistocene reefal limestone 
The bottom left image shows 
borehole location perpendicular 
to coast.  Warmer colors are 
higher elevations.   
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Previous to this work, chronostratigraphic control of the terraces was limited. 
Estimated ages of the higher terraces were originally based on the abundance of now 
extinct coral genera (Caulastrea sp., Stylophora sp., Placocyathus sp.), that they 
represent early Pleistocene or older (>0.78 Ma) reef growth.  Likewise, outcrops from 
building excavations in Santo Domingo and quarry exposures to the east contain 
abundant Stylophora minor and Stylophora monticulosa, species that date beyond the 
early Pleistocene (0.78 Ma) (Budd et al., 1994). Radiometric age dates of the youngest 6 
m terrace suggest a surface age of ~125 ka (marine oxygen isotope substage (MIS) 5e 
(Geister, 1982; Mann et al., 1995). Geister’s (1982) original study of the reef 
distinguished a back-reef annularis zone, a reef-crest palmata-strigosa zone, and a reef-
front annularis zone Klaus and Budd (2003).   
2.4 Methods 
Core descriptions and depositional facies are used to define packages. Isotopes 
and XRD data are useful for establishing boundaries (i.e. subaerial exposures), and 
defining and correlating packages.  Age constraints are based on radiogenic ages (U-Pb, 
U-Th), paleomagnetic data, first and last occurrence of key coral (i.e. Stylophora sp. and 
Acropora palmata) and calcareous nannofossil species (provided by biostratigrapher Rui 
de Gamma, Shell Oil Co.).  For detailed methodology refer to Chapter 1. 
2.5 Results 
2.5.1 Depositional Facies 
Fringing margin reef zonations are based on integrated coral ecology (Klaus et al. 
2011; Klaus and Budd 2003) and textural facies.  A total of 15 facies have been described 
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and grouped into four well established depositional environments (Figure 2.3) (Kennedy 
and Woodroffe, 2002; Guilcher, 1988) The four main depositional environments that 
were utilized here include: backreef, reef crest, reef front, and fore reef (Table 2.1; Figure 
2.3, 1.2-1.5).  Their vertical succession within the cores helped establish shallowing and 
deepening packages. 
 
Figure 2.3: Schematic Caribbean coral reef zonation model. Based on Goreau (1959), 
Mesolella (1967), Porter (1976), Geister (1977). 
 
2.5.1.1 Back Reef Facies and Nearshore facies 
The main depositional facies have been identified as: massive coral boundstone, 
branching-coral boundstone, skeletal (laminated) grainstone, and sea-grass (rhizome) 
wackestone. Textures vary from mudstones to packstones, except for the benthic 
foraminifera laminated grainstones of Core 1.  The most dominant constituents of the 
backreef are mollusks, benthic foraminifera, coralline red algae, green algae (Halimeda) 
and peloids being very common.  Burrows and rhizolith can be present.  In the modern 
(extant) reef fauna, the lithofacies are represented by the branching coral species 
Acropora cervicornis and Porites sp., with massive corals dominated by Orbicella sp. 
and Pseudodiploria sp., common of shallow-water environments.  These corals and back 
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reef facies are found in the upper sequences of cores 1, 3, and 4.  In the older parts of the 
transect coral assemblages of the extinct species S. monticulosa, S. minor, and Caulastrea 
portorricensis are abundant and representative of the nearshore setting.   These facies are 
found in cores 7, 6, and 2. The presence of Acropora palmata in mudstones to 
wackestones of Core 2, also suggest a shallow water nearshore environment. 
2.5.1.2 Reef Crest Facies 
The dominant facies is a branching coral boundstone (to framestone) with a coarse 
skeletal packstone to rudstone matrix. It is often characterized by the presence of 
Acropora palmata.   Acropora palmata generally lives in very shallow waters, often less 
than 5 meters (Hubbard, 2008) where it is resistant to the strong waves and pounding 
from breaking waves and loss debris.  Due to the high coral cover and corals in growing 
position these boundstones can also be described as framestone.  Abundant massive 
species also include Orbicella sp. and Pseudodiploria sp. Branching Porites sp. and A. 
cervicornis are also commonly found in core.  Encrusting coralline red-algae and benthic 
foraminifera are abundant.  Halimeda and mollusks are also common in the sediment 
matrix. 
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Figure 2.4: Backreef facies. Core and thin-section photos showing characteristic 
examples for each facies within the backreef environment. 
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Figure 2.5: Reef crest facies. Core 
and thin-section photos of Acropora 
palmata boundstone.  Acropora 
palmata is the dominant species in 
reef crest environments of modern 
coral reefs.   
 
2.5.1.3 Reef Front Facies 
Five lithofacies have been described and interpreted as upper slope/reef front 
facies.   Branching coral species dominate these facies, and platy corals are also 
abundant.   The main lithofacies types are branching coral boundstone (floatstones), platy 
coral boundstone (floatstone), rhodolith floatstone, and skeletal grainstone (laminated).  
The common carbonate matrix can vary from wackestone to grainstone in texture.  
Siliciclastic sand and gravel rich intervals occur in this setting.  The siliciclastic rich 
grainstones can be heavily bioturbated.  Acropora cervicornis dominates the extant coral 
fauna, and Stylophora sp., in particular S. minor, dominates the extinct fauna. In Cores 4 
and 5 Orbicella annularis can also occur.  In deeper water facies, this massive coral 
species shows a denser coral skeleton consistent with slower growth rates associated with 
more limited sunlight for photosynthesis.  Benthic foraminifera and coralline-red algae 
are also abundant, especially in rhodolith forms.  In addition, planktic foraminifera 
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occurrence increases in these deeper-water facies.   Reef front facies occur in all the cores 
(Table 2.1).  
  In Cores 4 and 5 the reef front to fore reef deposits can have a siliciclastic 
component (as mentioned above), but are usually still >90% carbonate.  These are usually 
muddy sandstones of a light green color (5GY /27 to 10GY 7/2) due to the content of 
chlorite (mainly mud).  Lithic fragments (dark) and quartz granules (light) can sometimes 
occur in these deposits.  
2.5.1.4 Fore-Reef Facies 
The fore-reef lithofacies identified are similar to the reef front but represent a 
deeper water setting with distinctly different coral species.  The main textural facies types 
are: platy coral boundstone (floatstone), rhodolith floatstone, skeletal sandstone, free-
living floatstone, and branching coral boundstone (floatstone) in the extant facies of 
Cores 6, and 1.  The matrix can vary from wackestones to grainstones.  Benthic 
foraminifers are still a dominant component, but planktics become more abundant within 
these facies.  Platy corals become more dominant as well as the free-living species 
Manicina areolata. Platy coral morphology is sometimes thinner in this environment.  
Few to rare azooxanthellate corals are also found in this facies, consistent with a deeper 
water depth.  In cores 6 and 1, the small (extant) branching coral S. minor is more 
abundant.  Like the reef front, fore-reef deposits of cores 4 and 5 have a siliciclastic 
component, sometimes as high as 15%.  The siliciclastic is mainly chlorite mud, with 
some lithic fragments and quartz grains.  
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2.5.2 Depositional Packages 
The deposits that construct the four terraces are dominated by reefal facies that 
vary from deeper water forereef and reef-front facies to shallow-water reef crest and 
backreef lagoon facies (Figure 1.6).  The vertical and lateral distribution of lithofacies 
and biofacies has helped establish the depositional packages and provide a spatial model 
of facies within the prograding margin.  Fundamental differences in facies distributions 
and margin geometry are interpreted between the early (mostly cores 1, 2, 6 and 7) and 
mid-late Pleistocene deposits (mostly cores 1, 3, 4, and 5).  Key faunal, and textural 
features used to interpret the four main lithofacies are described below for each core or 
set of cores.  These are broad depositional facies descriptions.  For detailed description of 
cores see Appendix A. 
2.5.2.1 Core 5 
Core 5 was drilled in the 6 m terrace. It is the most distal and deepest core.  Eight 
sequences are identified.  The boundary identification criteria and description is 
summarized in Table 2.2. 
Unit 5-1 (0 - 30 m) 
Facies: Three facies are identified in this unit.  From 0.0-12.0 m the lithofacies is an A. 
palmata boundstone. From 12.0- 25.0 m, the lithofacies is a branching coral boundstone, 
and from 25.0-30.0 m, a branching coral floatstone with abundant Halimeda in a 
wackestone matrix.  
Boundary:  The boundary with Unit 5-2 is based on a sharp textural facies change and a 
more negative δ13C (Figure 2.11).    
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Figure 2.6: Reef front facies. Core and thin-section photos showing example 
characteristic for each facies within the reef front environment. 
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Figure 2.7: Fore reef facies. Core and thin-section photos showing example 
characteristics for each facies within the fore reef environment. 
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Table 2.1: Facies diagnostic for each depositional environment. Interpretation of 
facies is based on the integration of lithology and biofacies.   
 
 
 
I. Backreef/Nearshore 
facies 
 
Matrix 
 
Coral 
 
Skeletal 
 
Other features 
Cores 
Present 
Massive Coral 
Boundstone-Framestone 
wackestone to 
packstone 
O. annularis & 
Pseudodiploria sp. 
dominate. 
Benthic forams, coralline red-
algae, echinoderm and 
mollusks. 
burrows and 
rhizoliths can be 
present 
Cores 
7, 6, 1, 
3, 4 
Branching coral floatstone mudstone to 
grainstone 
Stylophora sp., A. 
cervicornis, or A. 
palmata dominates.  
Benthic forams, coralline red-
algae, echinoderm and 
mollusks. 
 Cores 
7, 6, 1, 
3 
Skeletal (benthic foram) 
grainstone 
grainstone  Benthic foraminifera 
(Amphistegina sp.,); coralline 
red-algae 
Coarse-grained, 
laminated 
Core 1 
Sea grass wackestone wackestone Few branching corals Mollusks; Halimeda Burrows  Core 5 
II. Reef Crest facies      
Acropora palmata 
boundstone-framestone 
grainstone to 
rudstone 
Acropora palmata 
dominate, Porites sp. 
and massive species are 
common (Montastrea 
sp., Pseudodiploria sp.,  
Benthic forams, coralline red-
algae (abundant encrusting sp.) 
Halimeda, echinoderm and 
mollusks,  
Bioclasts Core 2, 
1, 5 
III. Reef front facies      
Branching coral floatstone wackestone to 
packstone 
A. cervicornis 
dominates. 
Benthic forams (Amphistegina 
sp.), coralline red-algae, 
echinoderm and mollusks. 
Encrusted “binded” 
corals 
Core 6-
1 
Skeletal grainstone grainstone  Benthic forams (Amphistegina 
sp.), coralline red-algae 
Can be laminated Core 5 
Platy coral floatstone Wackestone 
to grainstone 
Agaricia sp. dominates. 
 
Benthic foraminifera 
(Amphistegina sp.); coralline 
red-algae  
Greenish-gray 
siliciclastic mud to 
sand can occur 
Core 6, 
1, 4, 5 
Rhodolith floatstone wackestone to 
grainstones 
Few platy or small 
branching corals can 
occur 
Mollusks; Halimeda, large 
benthic foraminifera 
(Amphistegina sp.) 
Greenish-gray 
siliciclastic mud to 
sand can occur 
Core 6, 
1, 4, 5 
Skeletal 
packstone/grainstone with 
siliciclastics 
packstone to 
grainstone 
Few platy or small 
branching corals can 
occur 
Benthic forams (Amphistegina 
sp.), coralline red-
algae/rhodoliths, burrows.  
Greenish-gray 
siliciclastic mud to 
sand, mottled 
Core 4, 
5 
IV. Fore reef facies      
Branching coral floatstone wackestone to 
packstone 
Stylophora minor 
dominate 
Benthic forams (Milliolid sp. 
dominate), coralline red-algae, 
echinoderm and mollusks. 
Abundant planktic foraminifera  
 Core 6, 
1, 2, 3, 
4 
Platy coral floatstone Wackestone 
to packstone 
Agaricia sp.  
 
Benthic foraminifera 
(Amphistegina sp.); coralline 
red-algae. Abundant planktic 
foraminifera  
Greenish-gray 
siliciclastic mud to 
sand can occur 
Core 6, 
1, 4, 5 
Rhodolith floatstone to 
bindstone 
 
wackestone to 
grainstone 
  Milliolid sp. and large 
Amphistegina sp., abundant 
planktic foraminifera, 
rhodoliths can be significantly 
large (2-4 cm) 
Greenish-gray 
siliciclastic mud to 
sand can occur, 
sheet like red algae 
Core 6, 
1, 4, 5  
Free-living floatstone Wackestone 
to packstone 
Manicina areolata Abundant planktic foraminifera  Core 6, 
1 
Skeletal 
packstone/grainstone with 
siliciclastics 
packstone to 
grainstone 
Few platy or small 
branching corals can 
occur 
Benthic forams (Amphistegina 
sp.), coralline red-
algae/rhodoliths, and burrows.  
Greenish-gray 
siliciclastic mud to 
sand includes 
quartz, & lithic 
fragments 
Core 4, 
5 
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Unit 5-2 (30 – 48.5 m)  
Facies: Three facies are identified in this unit.  From 30.0-36.0 m the unit is described as 
a bioturbated wackestone, with the presence of seagrass and Halimeda and common 
mollusks.  From 36.0-45.5 m the unit is composed of mottled (bioturbated) grainstone 
with scarce corals and few mollusks. From 45.5-48.5 m the unit is a grainstone with few 
lithic components and quartz grains, from coarse sand to granule size.  
Boundary: The boundary with unit 5-3 is based on a facies and diagenetic change.  The 
underlying unit 5-3 burrow are infilled with the grainstone (with lithics) above, and is 
described as a “hardground” surface.  The 5-2 basal boundary correlates with the 
presence of dolomite below.  
Unit 5-3 (48.5 – 57.50 m)   
Facies: The unit is a rhodolith packstone.  There are a few free-living corals (M. 
aereolata) closer to the base.  Abundant small rhodoliths and common phosphate, and 
lithic grains through the section.  
Boundary: The boundary with underlying Unit 5-4 is characterized by a facies change to 
a shallower more grain-rich facies below.  
Unit 5-4 (57.5 - 73.0 m)  
Facies: The unit consists of three facies.  From 57.5-61.7 m the unit is a branching coral 
boundstone with encrusting red-algae and common “phosphate” grains. From 61.7-71 m 
the unit changes to a homogeneous skeletal grainstone. From 71-73 m the unit is a 
laminated grainstones.   
Boundary: The boundary with underlying Unit 5-5 is based on a sharp facies change to a 
slightly muddier rhodolith floatstone. 
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Unit 5-5 (73.0-88.0 m)  
Facies: The unit consists of two facies.  From 73.0-81.7 m the unit is a rhodolith 
floatstone in a packstone to grainstone matrix.  There is a firmground (cemented surface 
at 81.7 m) within the unit.  From 81.7-88.0 m the unit is a rhodolith floatstone with a 
packstone matrix rich in Halimeda, with abundant mollusks and scarce to few branching 
corals.  
Boundary: The boundary with underlying Unit 5-6 is based on a facies, isotopic, and 
mineralogy change (Figure 2.11). There is the presence of aragonite and carbon and 
oxygen stable isotopes increase to positive values below this boundary.  In addition, there 
is an increase in siliciclastic content in the units below. 
Unit 5-6 (88.0 - 108.5 m)   
Facies: The unit consists of three facies.  From 88.0-93.0 m the unit is a rhodolith 
floatstone.  There is a gradational change to a rhodolith bindstone with abundant large 
Amphistegina sp. forams from 93.0 -101.9 m. From 101.9-105.5 m the unit changes to a 
coral boundstone with both massive and platy corals.  There is a siliciclastic/ lithic rich 
grainstone interval from 105.5-105.9 m.  From 105.9-108.5 m the unit is characterized by 
a coral boundstone with massive and branching corals.  
Boundary: The boundary with unit 5-7 is based on a sharp biofacies and textural facies 
change with a shallower water facies below the boundary. 
Unit 5-7 (108.5 – 140. 0 m)   
Facies: The unit consists of three facies.  From 108.5-123.7 m the unit changes to a coral 
boundstone characterized by the presence of shallow-water fauna including the corals 
Colpophylia natans, Pseudodiploria sp., Eusmilia sp. and Madracis sp., large shallow-
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water bivalves, and the presence of wood fragments. From 123.7-135.5 m the unit 
changes to a platy coral boundstone in a packstone matrix.  There is abundant encrusting-
algae and the corals are highly bioturbated. From 135.5-140.0 m the unit is a red-
algae/rhodolith bindstone with abundant thin platy corals.  
Boundary: The boundary with unit 5-8 is based on a facies change and the presence of a 
hardground surface (139.0-140.0 m).  
Unit 5-8 (140.0- 149.0 m)   
Facies: The unit consists of two facies.  From 140-145 m the unit is a red-algae 
grainstone. From 144.5-149.0 m the unit is described as a siliciclastic rich skeletal 
grainstone.  This unit shows the highest percentage of siliciclastics (8-10%), mostly as 
clay minerals, that give the section a darker greenish-gray color  
Boundary: TD 
2.5.2.2 Core 4  
Eight sequences are also identified in Core 4. Core 4 was drilled upon the 15 m 
terrace.  The boundary identification criteria and description is summarized in Table 2.2. 
Unit 4-1 (0 – 15.0 m)  
Facies: The unit consists of three facies.  From 0.0-5.0 m the unit is described as a 
massive and branching coral framestone (boundstone).  From 5.0-14.5 m the unit changes 
to a branching coral boundstone.  From 14.5-15.5 m the unit is a platy coral boundstone 
with abundant encrusting red algae.  
Boundary: The boundary with underlying Unit 4-2 is based on a sharp textural and 
biofacies change with shallower water corals below the boundary. 
Unit 4-2 (15.0 – 33.7 m) 
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Facies: The unit consists of two facies. From 15.0-18.5 m the unit is a coral floatstone to 
red algae bindstone with common O. annularis.  From 18.5-33.7 m the unit is a 
branching coral boundstone.   
Boundary: The boundary with underlying Unit 4-3 is based on sharp textural and 
biofacies change with shallow water A. palmata below the boundary. 
Unit 4-3 (33.7- 48.0 m) 
Facies: The unit consists two facies. From 33.7-38.0 m the unit is described as an A. 
palmata boundstone.  From 38.0-48.0 m the unit changes to a branching coral 
boundstone.   
Boundary: The boundary with underlying Unit 4-4 is based on a facies change. 
Unit 4-4 (48.0 – 57.90 m) 
Facies: This unit is a branching coral boundstone. There are few massive species at the 
top of the unit.  There are also few M. aereolata (free-living) species.   
Boundary: The boundary with underlying Unit 4-5 is based on the presence of a 
firmground at 57.90 m. 
Unit 4-5 (57.90 – 75.0 m) 
Facies: The unit is a rhodolith floatstone.  From 57.90-65.0 m the unit has a packstone 
matrix. From 65.0-75.0 m the unit is more mud rich (wackestone matrix).  The grayish 
tan color is consistent with the presence of siliciclastics (2-3%).  
Boundary:  The boundary with underlying Unit 4-6 is based on a facies and mineralogy 
change.  Aragonite becomes present below this boundary (Figure 2.12).  
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Unit 4-6 (75.0 – 90.0 m) 
Facies: The unit consists of three facies.  From 75.0-81.0 m the unit is a massive coral 
boundstone.  Massive species are highly bioturbated. O. annularis dominates, with other 
species including M. cavernosa and D. stokesi. From 81.5-84.5 m the unit is 
characterized by a branching and platy coral boundstone.  There are also a few free-living 
corals (M. aereolata).  The core becomes a dark green color from 81.7-82.7 m consistent 
with the highest siliciclastic content in the core up to 20%. From 84.5-87.3 m 
siliciclastics decrease and the unit changes to a packstone with sparse corals. From 87.3-
90.0 m the unit is a platy and free-liver floatstone with a muddy packstone matrix. 
Siliciclastics content is 8-10%.  
Boundary: The boundary with Unit 4-8 is based on the presence of a firmground and a 
mineralogy change. There is an increase in high-magnesium calcite (HMC) below the 
boundary (Figure 2.12). 
Unit 4-7 (90.0 - 111.5 m) 
Facies: This unit consists of four facies.  From 90.0-96.0 m the unit is described as a 
skeletal packstone to coral floatstone with few branching and platy corals. From 96.0-
99.4 m is a coral floatstone with few branching and platy corals. From 99.4-107.0 m the 
coral floatstone includes a few massive O. annularis. From 107.0-111.50 m the unit 
becomes more muddy and the color changes to a dark grayish-green. Corals become 
mostly platy species.  
Boundary: The boundary with Unit 4-8 is based on a facies change with shallower water 
head corals below the boundary. 
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Unit 4-8 (111.5 – 114.50 m) 
Facies: The unit consists of four facies.  From 111.5-112.0 m the unit is described as a 
coral boundstone.  At the top of the unit there are a few massive species including M. 
cavernosa and P. asteroides.  From 112.0-112.40 m the unit becomes a platy coral 
floatstone in a wackestone matrix.  From 112.40-113.00 m it becomes a branching coral 
boundstone.  From 113.0-114.5 m the unit is described as a skeletal wack/packstone with 
a few thin platy coral species at the bottom of the unit.  
Boundary: TD 
2.5.2.3 Core 3 
Four sequences are identified in Core 3.  Core 3 was drilled close to the margin of 
the 30 m terrace.  The boundary identification criteria and description is summarized in 
Table 2.3. 
Unit 3-1 (0.0 – 12.50 m)  
Facies: The unit consists of three facies. From 0.0-1.0 m the unit is described as a coral 
floatstone in a wackestone matrix.  There is one O. annularis and a few branching corals 
identified as Porites sp.  From 1.0-5.0 m the unit changes to a branching coral 
boundstone.  The dominant branching coral species are A. cervicornis and P. porites.  
From 5.0-12.5 m the unit is a massive coral boundstone with abundant branching corals 
and some platy corals.  The most abundant massive species is Orbicella annularis.  Other 
species include Pseudodiploria strigosa and Porites asteroides.  The unit has a pink hue 
associated with the abundance of encrusting red-algae (bindstone).  
Boundary: The boundary with Unit 3-3 is based on the presence of a calcrete (Figure 2.9) 
and an increased negative δ13C (Figure 2.13).  The subaerial exposure extends to 15.0 m.  
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Table 2.2: Sequence boundary determination for Cores 5 and 4.  Boundaries are 
determined by integrating geochemical data with facies changes and calcrete 
presence/absence.  Stable isotope refers to negative peaks in δ13C, and positive changes in 
δ13C and δ18O. 
 
 
 
 
 
sequence	
boundary
depth	(m) calcrete stable	
isotope
XRD firmground/
hardground
facies	 facies	change	description
1-2 30 -- ✔ -- -- ✔ From	coral	boundstone	to	sea-grass	wackestone
2-3 48.5 -- -- -- ✔ ✔ From	lithic/siliciclastic	grainstone	to	rhodolith	packstone
3-4 57.5 -- -- -- -- ✔ From	laminated	grainstone	to	rhodolith	floatstone	
4-5 73.00 -- -- -- -- ✔ From	rhodolith	packstone	to	laminated	skeletal	
grainstone	above
5-6 88 -- ✔ ✔ -- ✔ Siliciclastics	increase
6-7 108.5 -- -- -- -- ✔ From	coral	boundstone	to	shallow	water	species	and	wood	fragments	below.
7-8 140 -- ✔ -- ✔ ✔ From	rhodolith	bindstone	with	platy	corals	to	red	algae	grainstone.
1-2 15 -- ✔ -- -- ✔
From	Platy	coral	boundstone	in	wackestone	
matrix	to	coral	boundstone	(massive	&	
branching)	in	packstone	matrix	below.
2-3 33.7 -- -- -- -- ✔ From	branching	coral	boundstone	to	A.	palmata	
boundstone	below.
3-4 48 -- -- -- -- ✔
Branching	coral	boudnstone	changes	from	
packestone	to	grainstone	below	(with	few	free-
livers).
4-5 57.9 -- -- -- ✔ ✔ To	a	rhodolith	flotstone
5-6 75 -- ✔ ✔ -- ✔ From	massive	coral	boundstone	to	rhodolith	floatstone.	
6-7 90 -- ✔ ✔ ✔ ✔ From	platy	and	free-liver	floatstone	to	coral	floatstone	(massive,	branching,	platy)	below
7-8 111.5 -- -- -- -- ✔ From	platy	boundstone	to	coral	boundstone	(massive,	branching,	platy)	below
Core	 Boundary	type
Core	5
Core	4
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Unit 3-2 (15.0 – 34.0 m) 
Facies: The unit consists of three facies.  From 15.0-21.0 m the unit is a branching coral 
boundstone.  From 21.0-27.0 m is a coral floatstone with some branching corals and 
common massive coral species.  From 27.0-27.50 m the unit changes to a skeletal 
grainstone/rudstone.  From 27.50-34.0 m the unit is a branching coral floatstone in a 
packstone matrix.  The dominant branching coral is A. cervicornis.  The massive coral P. 
asteroides is also common.  
Boundary: The boundary with Unit 3-3 is based on a facies change and a negative 
excursion in δ13C (Figure 2.13).   
Unit 3-3 (34.0 – 61.5 m) 
Facies: The unit consists of three facies.  From 34.0-36.0 m the unit is a branching coral 
boundstone with A. palmata corals in this section. From 36.0-44.0 m the unit is a 
branching coral floatstone in a wack/packstone to a (red algae) bindstone matrix.  From 
44.0-60.5 m the unit is a branching coral floatstone is a packstone matrix.  
Boundary: The boundary with Unit 3-4 is based on a facies change.  Three normal 
polarities were obtained from this interval (Table 1.5). 
Unit 3-5 (61.5 – 69.0 m) 
Facies: The unit is a skeletal grainstone with common mollusks. 
Boundary: TD 
2.5.2.4 Core 1  
Seven sequences are identified in Core 1.  The core is dominated by branching 
corals.  Above 53.0 m the extant coral fauna is dominated by A. cervicornis.  Below 53.0 
a change to extinct coral fauna is characterized by the coral S. minor, which suggest an 
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Early Pleistocene age (>1.0 Ma).  The boundary identification criteria and description is 
summarized in Table 2.3. 
Unit 1-1 (0.0 – 5.3 m) 
Facies: The unit consists of three facies. From 0.0-3.6 m the unit changes to a skeletal 
packstone with rhizoliths at the top of the unit and few branching corals. From 3.6-5.3 m 
the unit is a laminated skeletal (benthic forams) grainstone.   
Boundary: The boundary with Unit 1-2 is characterized by a sharp facies change and a 
negative excursion in δ13C (Figure 2.14). 
Unit 1-2 (5.3 – 20.10 m) 
Facies: The unit is a branching coral floatstone in a mudstone matrix that grades into a 
wackestone.   
Boundary: The boundary with Unit 1-3 is based on a facies change. There is a highly 
cemented molluscan-rich layer at the boundary. 
Unit 1-3  (20.10 – 41.0 m)  
Facies: The unit consists of three facies. From 20.10-22.60 m the unit is a branching 
coral boundstone in a wackestone matrix with abundant mollusks.  From 22.6-26.0 m the 
unit is a branching coral boundstone (framestone). Acropora palmata is found in this 
upper unit. From 26.0-41.0 m the unit is a branching coral floatstone in a wackestone to 
packstone matrix.  
Boundary: The boundary with Unit 1-4 is characterized by a hardground and a negative 
excursion in δ13C (Figure 2.14).  
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Unit 1-4 (41.0 – 47.0 m) 
Facies: The unit is a branching coral floatstone in a wackestone matrix. 
Boundary:  There is a biostratigraphic boundary with Unit 1-5. An extinct coral fauna 
dominates the units below this boundary. 
Unit 1-5 (47.0 – 53.0 m) 
Facies: The unit is a branching coral floatstone in a wackestone matrix.  Stylophora sp. 
and A.cervicornis dominate. 
Boundary:  The boundary with unit 1-6 is based on the presence of a firmground and a 
change in coral fauna with S. minor below. 
Unit 1-6 (53.0 – 71.0 m) 
Facies: The unit is as a branching coral floatstone.  From 57.50-71.0 m S. minor is the 
dominant species.  Thin platy corals are common from 66.0-71.0 m. 
Boundary: The boundary with Unit 1-7 is based on a facies change. 
Unit 1-7 (71.0 – 81.0 m) 
Facies: The unit consists of two facies.  From 71.0-78.5 m the unit is a branching coral 
(S. minor) floatstone in a muddy packstone matrix.  From 78.5-81.0 m the unit is a platy 
coral floatstone in a wackestone matrix.   
Boundary: The boundary with Unit 1-8 is based on a facies change with slightly 
shallower water branching corals below and platy corals above. 
Unit 1-8 (81.0 – 94.5 m) 
Facies: The unit consists of two facies.  From 81.0-89.0 m the unit is a branching coral 
floatstone a mudstone matrix with abundant platy corals. From 89.0-94.5 m the unit is a 
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platy coral floatstone in a mudstone matrix with abundant branching corals increasing to 
the bottom of the core.  
Boundary: TD 
2.5.2.5 Core 2 
Six units have been identified in Core 2.  Core 2 was drilled at the margin of the 
50 m terrace and it’s characterized by the presence of extinct coral fauna dominated by S. 
monticulosa.  Acropora palmata is also found coexistence with the extinct species.  There 
is a faunal change in the uppermost unit to extant coral species. The boundary 
identification criteria and description is summarized in Table 2.3. 
Unit 2-1 (0.0 – 8.5 m) 
Facies: From 0.0-6.2 m the unit is a massive coral boundstone (framestone).  Massive 
corals are dominated by Orbicella species O. franksi and O. annularis.  Other species 
include P. strigosa and P. asteroides.  From 6.2-8.5 m the unit is a branching coral 
floatstone in a muddy packstone matrix with abundant mollusks close to the base of the 
unit.  The dominant coral species is A. cervicornis.   
Boundary: The boundary with Unit 2-2 is based on a calcrete breccia (Figure 2.9) and a 
negative excursion in δ13C.  
Unit 2-2 (8.5 – 12.5 m) 
Facies: The unit is described as a branching coal boundstone in a packstone matrix. The 
dominant coral species is A. cervicornis. 
Boundary: The boundary with unit 2-3 is based on a biofacies change.  The boundary 
separates extinct from extant fauna. 
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Unit 2-3 (12.5 – 21.5 m)  
Facies: The unit is described as a coral boundstone.   The upper part of the unit has some 
massive coral species. The lower part of the unit is dominated by S. monticulosa.  Other 
common branching coral species include C. portorricensis and A. cervicornis.  There are 
also some A. palmata.  
Boundary: The boundary with Unit 2-4 is based on a facies change.    
Unit 2-4 (21.50 – 34.0 m) 
Facies: The unit has intercalating layers of skeletal mudstone and branching coral 
floatstone is a wackestone matrix. 
Boundary: The boundary with Unit 2-5 is based on a facies change to a shallower water 
facies with S. monticulosa and A. palmata below.  
Unit 2-5 (34.0 – 42.0 m) 
Facies: The top of the unit is a branching coral boundstone characterized by the presence 
of S. monticulosa and A. palmata.  Below there are intercalating layers of skeletal 
mudstone and branching coral floatstone is a wackestone matrix. 
Boundary: The boundary with Unit 2-6 is based on a facies change. 
Unit 2-6 (42.0 – 54.5 m) 
Facies: The unit is described as a branching coral floatstone in a wackestone to mudstone 
matrix. S. monticulosa and A. palmata are the dominant species.  Other species include A. 
cervicornis, S. minor, C. portorricensis and P. porites.  There are a few massive corals 
including P. asteroides and O. annularis. 
Boundary: TD 
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Table 2.3: Sequence boundary determination for Cores 3, 1, and 2. Boundaries are 
determined by integrating geochemical data with facies changes and calcrete 
presence/absence. Stable isotope refers to negative peaks in δ13C.  
 
 
sequence	
boundary
depth	(m) calcrete stable	
isotope
XRD firmground/
hardground
facies	 facies	change	description
1-2 12.5 ✔ ✔ -- -- ✔ Subtle	textural	change	from	to	coarse-grained	grainstone	below	
2-3 34 -- ✔ -- -- ✔ A.palmata	below	boundary
3-4 61.5 -- -- -- -- ✔ Facies	change	to	skeletal	grainstone	below
1-2 5.2 -- ✔ -- -- ✔ 	Skeletal	grainstone	above	to	branching	coral	boundstone	below
2-3 20.1 ✔ -- -- -- ✔
	Branching	coral	boundstone	above	to	
shallow	water	A.	palmata 	branching	coral	
boundstone	below.		
3-4 41 -- -- -- ✔ -- Similar	facies
4-5 47 -- -- -- -- ✔ Coral	species	transition	to	extinct	Stylophora	sp.	Below
5-6 53 -- -- -- ✔ ✔ Facies	change	to	deeper	water	slope	deposits	with	S.	minor	below
6-7 71 -- -- -- -- ✔ 	Platy	coral	boundstone	to	branching	coral	boundstone	below
7-8 81 -- -- -- -- ✔ 	Platy	coral	boundstone	to	branching	coral	boundstone	below
1-2 8.5 ✔ ✔ -- -- ✔ Coral	species	transition	to	extinct	Stylophora	sp.	below
2-3 12.5 -- -- -- -- ✔
From	branching	coral	boundstone	in	
packstone	matrix	to	grainstone	matrix	below,	
with	A.	palmata 	and	massive	shallow	water	
3-4 24.5 -- ✔ -- -- ✔
From	branching	coral	boundstone	in	
packstone	matrix	to	Stylophora 	sp.	
boundstone	in	wackestone	matrix	below
4-5 32 -- -- -- -- ✔ Facies	change	with	A.	palmata	and	S.	
monticulosa	
5-6 42 -- -- -- -- ✔ Small	branching	coral	floatsotne	to	A.	palmata	and	S.	monticulosa 	below
Core	 Boundary	type	
Core	3
Core	1
Core	2
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2.5.2.6 Core 6  
Fourteen units are identified in Core 6.    Core 6 was drilled in the 50 m terrace 
behind Core 2.  The Core was drilled next to the Borda quarry.  This provided a 
stratigraphic control and correlation to the units identified in the quarry.  Similar to Core 
2 the Early Pleistocene deposits are dominated by extinct coral species that disappear in 
the uppermost unit.  The boundary identification criteria and description is summarized in 
Table 2.4. 
Unit 6-1 (0.0 – 1.0 m) 
Facies: The unit is described as a branching coral floatstone in a wackestone matrix.  The 
most abundant species are A. cervicornis and P. furcata.  
Boundary: The boundary with Unit 6-2 is based on the presence of a calcrete (Figure 2.9) 
and a faunal turnover to extinct species in the units below.   
Unit 6-2 (1.0 – 9.5 m) 
Facies: The unit is described as a branching coral floatstone in a wackestone matrix.  The 
dominant branching species are A. cervicornis, S. minor, and C. portorricensis.  Mollusks 
are common including a few Strombus gigas gastropods.   
Age: The last occurrence of Stylophora sp. and nannofossil constraint below place this 
unit between 1.6 – 1.0 Ma. 
Boundary: The boundary with Unit 6-3 is based on a facies change.   
Unit 6-3 (9.5  - 14.0 m) 
Facies: The unit is a branching coral floatstone in a packstone matrix.  Branching species 
are the same as the unit above. 
Boundary: The boundary with Unit 6-4 is based on a facies change. 
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Unit 6-4 (14.0 – 24.5 m) 
Facies: The unit is a branching coral floatstone.  The unit is characterized by the 
abundance of the extinct species S. minor and C. portorricensis.   
Boundary: The boundary with Unit 6-5 is based in a facies change and a negative 
excursion in δ13C. 
Unit 6-5 (24.5 – 31.0 m) 
Facies: The unit is a Stylophora sp. floatstone in a packstone matrix.   
Boundary: The boundary with Unit 6-6 is based on facies change.   
Unit 6-6 (31.0 – 39.0 m) 
Facies: The unit is a branching coral floatstone in a wackestone matrix.  The dominant 
coral is S. minor.  There are a few A. cervicornis and platy A. agaricites.   
Boundary: The boundary with Unit 6-7 is based on a facies change. 
Unit 6-7 (39.0 – 59.50 m) 
Facies: From 48.5-57.50 m the unit is a branching coral floatstone dominated by S. minor 
in wack/packstone matrix.  Platy corals presence is high in the section. 
Boundary: The boundary with Unit 6-8 is based on a facies change and a negative 
excursion in δ13C. 
Unit 6-8 (59.50 – 65.3 m) 
Facies: The unit is a branching coral floatstone in a wackestone matrix. Porites furcata 
and S. minor are the most abundant coral species.   
Boundary: The boundary with Unit 6-9 is based on a facies change. 
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Unit 6-9 (65.3 – 73.0 m) 
Facies: The unit is a rhodolith floatstone in a wackestone matrix.  Rhodoliths are large up 
to 4 cm in diameter. There is less branching coral cover.  Few platy corals and free-living 
corals are present. 
Boundary: The boundary with Unit 6-10 is based on a facies change. 
Unit 6-10 (73. 0 -81.0 m) 
Facies: The unit is a rhodolith and S. minor floatstone. Very small S. minor corals 
increase in abundance.  Rhodoliths are also smaller than the unit above. 
Boundary: There is a negative excursion in δ13C at the boundary with Unit 6-11 and a 
facies change. 
Unit 6-11 (81.0 – 89.5 m) 
Facies: The unit is a red algae- bindstone with common rhodoliths.  There are some S. 
minor and a few platy corals.   
Boundary: The boundary with Unit 6-12 is based on the presence of a firmground. 
Unit 6-12 (89.5 – 94.5 m) 
Facies:  The unit is a rhodolith floatstone to bindstone with few S. minor and free-living 
M. aereolata from 92.0-94.0 m.  Rhodoliths can be up to 4 cm in diameter. 
Boundary: The boundary with Unit 6-13 is based on the presence of a firmground. 
Unit 6-13 (94.5 – 101.0 m) 
Facies: The unit is a free-living floatstone in a pack/grainstone matrix. 
Age: Nannofossil constraint above place this unit between 1.4-1.6 Ma 
Boundary: TD 
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Table 2.4: Sequence boundary determination for Core 6.  Boundaries are 
determined by integrating geochemical data with facies changes and calcrete 
presence/absence. Stable isotope refers to negative peaks in δ13C. 
 
2.5.2.7 Core 7 
Eleven units are identified in Core 7 drilled upon the 50 m terrace.  Facies are 
similar to those of Core 6.  Core also records the Pleistocene coral faunal transition.  The 
sequence	
boundary
depth	(m) calcrete stable	
isotope
XRD firmground/
hardground
facies	 facies	change	description
1-2 1 ✔					 ✔ -- -- ✔ Coral	species	transition	to	extinct	Stylophora	sp.	below
2-3 9.5 -- -- -- -- ✔ From	wackestone	to	packstone	matrix	below.	Exposure	identified	in	core	and	outcrop
3-4 14 -- -- -- -- ✔
Facies	change	to	more	grain-rich	packstones	
below.	Extinct	species	abudance	increases.		
Exposure	identified	in	outcrop
4-5 24.5 -- ✔ -- -- ✔ To	a	Stylophora	sp.	boundstone	below
5-6 31 -- -- -- -- ✔ From	Stylophora	boundstone	to	branching	coral	boundstone	with	platy	corals	below
6-7 39 -- -- -- -- ✔
Branching	coral	boundstone	changes	from	
wackestone	to	packstone.	Presence	of	platy	
species	below
7-8 59.5 -- ✔ -- -- ✔ To	branching	coral	boundstone	in	wackestone	matrix
8-9 65.3 -- -- -- -- ✔ From	branching	coral	boundstone	to	rhodolith	floatstone
9-10 73 -- ✔ -- -- ✔ To	a	rhodolith	and	S.minor	floatstone	
10-11 81 -- -- -- ✔ ✔ To	a	red-algae	bindstone
11-12 89.5 -- -- -- ✔ ✔ To	rhodolith	floatstone	to	bindstone
12-13 94.5 -- -- -- ✔ ✔ To	a	free-living	floatstone	in	pack/grainstone	matrix
Core	 Boundary	type
Core	6	
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low recovery of this core makes placement of boundaries difficult. The boundary 
identification criteria and description is summarized in Table 2.5. 
Unit 7-1 (0.0 – 0.9 m) 
Facies: The unit is a branching coral floatstone in a wack/packstone matrix with common 
mollusks. 
Age: The faunal shift from extinct coral fauna below suggest an age <1.0 Ma for this unit. 
Boundary: The boundary with Unit 7-2 is based on a calcrete (Figure 2.9) surface and a 
faunal turnover.   
Unit 7-2 (0.9 – 3.0 m) 
Facies: The unit is described as a branching coral floatstone in a wack/packstone matrix.   
Boundary: The boundary with Unit 7-3 is based on a facies change and a negative 
excursion in δ13C (Figure 2.17). 
Unit 7-3 (3.0 – 11.0 m) 
Facies: The unit is a branching coral floatstone in a wackestone matrix.  The infill of 
laterite at the upper part of the unit has given this unit a distinct red color and has made it 
difficult to identify coral species.   
Boundary: The boundary with Unit 7-4 is based on a facies change to shallower water S. 
monticulosa floatstone below. 
Unit 7-4 (11.0 – 19.0 m)  
Facies:  The unit is a branching coral floatstone in a wackestone matrix.  In the 2-3 m of 
the unit there is more abundance of S. monticulosa.   
Boundary: The boundary with Unit 7-5 is based on a facies change and a negative 
excursion in δ13C (Figure 2.17). 
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Unit 7-5 (19.0 – 26.5 m) 
Facies: The unit is a branching coral floatstone in a wackestone matrix.  Small branching 
species dominate the coral cover including S. minor and C. portoricensis, and A. 
cervicornis.  Porites sp. is also common. 
Boundary: The boundary with Unit 7-6 is based on a calcrete (Figure 2.9) and a negative 
excursion in δ13C.   
Unit 7-6 (26.5 – 32.0 m) 
Facies: The unit is a coral floatstone in a packstone matrix with common S. monticulosa 
and P. asteroides. From 32.0-28.5 m the unit changes to a branching coral boundstone in 
a wackestone matrix with abundant bivalves.  The most abundant coral species become S. 
minor and C. portoricensis.  The unit has a distinct yellowish-tan color.   
Boundary: The boundary with Unit 7-7 is bases on a facies change with S. minor 
dominating the facies below.   
Unit 7-7 (32.0 – 39.0 m) 
Facies: The unit is d a branching coral floatstone in a wackestone matrix with a greyish-
tan color.  The most abundant coral species become S. minor and C. portoricensis.   
Boundary: The boundary with Unit 7-8 is based on a facies change to shallower water S. 
monticulosa below.   
Unit 7-8 (39.0 – 43.0 m) 
Facies: The unit is described as a branching coral floatstone in a wackestone matrix.   
Boundary: The boundary is based on a facies change with platy corals and free-living 
corals below. 
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Unit 7-9 (43.0 – 50.0 m) 
Facies:  The unit is a branching coral floatstone in a wackestone matrix with a mottled 
(bioturbation) texture.  There are few to some platy and free-living corals.                                                         
Boundary: TD 
 
Table 2.5: Sequence boundary determination for Core 7.  Boundaries are 
determined by integrating geochemical data with facies changes and calcrete 
presence/absence. 
 
 
2.5.3 Age Model 
 The vertical and lateral distribution of lithofacies and biofacies has helped establish the 
depositional packages and spatial heterogeneities within the prograding margin. A total of 
sequence	
boundary
depth	(m) calcrete stable	
isotope
XRD firmground/
hardground
facies	 facies	change	description
1-2	 0.9 ✔ ✔ -- -- ✔ Coral	species	transition	to	extinct	Stylophora 	sp.	below
2-3 5 -- ✔ -- -- ✔ From	a	wack/packtone	to	a	wackestone	below
3-4 11 -- -- -- -- ✔ More	abundance	of	S.	monticulosa	below
4-5 18 -- ✔ -- -- ✔ Small	branching	species	dominate	below
5-6 26.5 ✔ ✔ -- -- ✔ From	wackestone	to	packstone	matrix	below
6-7 32 -- -- -- -- ✔ From	packstone	to	wackestone
7-8 38 -- -- -- -- ✔ Deeper	water	corals	above	boundary
8-9 43 -- -- -- -- ✔ Free	livers	and	platy	corals	below
Core	 Boundary	type
Core	7
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69 sequences have been identified through the 7 core transect.  These cores record margin 
progradation from the Early Pleistocene to the last Interglacial MIS 5e (~1.6 – 0.128 Ma).   
2.5.3.1 Core 5 
A total of fourteen sequences have been identified within Core 5 ranging from MIS 5 to 
MIS 18 (128-800 Ka) (Figure 2.11). A total of nineteen magnetic polarities were obtained 
from Core 5. Seventeen normal polarities throughout the core are consistent with the 
established ages within the Brunhes.  U/Th ages and nannofossil zonations are the main 
chronological constrains for MIS 5 to MIS 11 (Table 2.6).  U-Pb was used to date the 
lower sequence within MIS 14/15-18 (Table 2.7 and Figure 2.9).  
U-Th ages from surface deposits near Core 5 at an elevation of ~ 6 m date to 
129.8 ± 0.939 ka (2σ), and 128.7 ± 0.895 ka (2σ), the early substage of MIS 5e (Table 
2.6).  The boundary with the underlying sequence at 30 m (24 m BSL) has a more 
negative δ13C signal, consistent with a subaerial exposure. This sequence has been place 
within MIS 7 based on the first occurrence of Emiliania huxleyi (< 280 ka).  At top of 
MIS 7 a seagrass wackestone, indicative of very shallow water in a lagoon setting is 
identified. The flooding of MIS 5 changes to a deeper water reef front. A hardground 
surface identifies the boundary of MIS 7 with MIS 9 at 48.5 m in Core 5.  A distinct 
facies change with a transgressive lag with abundant lithic and quartz granules 
characterizes the flooding of MIS 7 above the boundary with MIS 9 (Figure 2.11). Three 
reversals in sequence 5-3 are consistent with the 9a (~ 310 ka) or 9b (~ 330 ka) excursion 
identified by Lund et al. (2001) (Table 2.8). 
The boundary between MIS 9 and MIS 11 is at 57.50 m.  The last occurrence of 
Pseudoemiliana lacunosa (480 ka) constrains the sequence below to MIS 11.  The 
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presence of infilling siliciclastics with lithic and quartz pebbles (transgressive lag) is 
identified above the boundary, and characterizes the flooding of MIS 9 (skeletal 
packstone with abundant free-livers) over the branching coral boundstone of MIS 11.  
The MIS 11 to 13/12 boundary (78.50 m) in Core 5 is also characterized by a distinct 
facies change from a rhodolith floatstone to laminated skeletal sands above.  
There is significant change in the sedimentological and diagenetic signature in the 
sequence below MIS 13/12.  In Core 5 the boundary is identified at 87.6 m. This 
boundary also shows a mineralogical change with sediments below still showing original 
aragonite mineralogy. In addition, 13C and 18O stable isotopes increase to positive values 
(Figure 2.11).  An age of 618 ± 6.7 (2σ) Ka at 107.5 m places the sequence within MIS 
15.  The boundary between MIS 15/14 and 17/16 is identified at 108.5 m.  There is a 
distinct biofacies change.  The U-Pb age of 646 ± 1.3 (2σ) Ka at 123.7 m in Core 5 places 
the sequence below within the MIS 16 glacial lowstand.  The shallow water coral fauna 
including O. annularis, Pseudodiploria sp., Eusmilia sp. and Madracis sp., large shallow 
water bivalves, and wood fragments are consistent with a lowstand.  The flooding of MIS 
14 is characterized by siliciclastics with lithic and quartz pebbles (transgressive lag) and 
the coral fauna reflects deeper water facies. The boundary of MIS17/16 to MIS 18 in 
Core 5 at 140 m, is identified by a hardground.  An abundance of platy coral species 
characterized the deepening above the hardground.  
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Figure 2.9: U-Pb data plotted using the 
Tera-Wasserburg or 'semi-total Pb-U 
isochron' construction. A linear 
regression with its associated 2σ 
uncertainty envelope is also shown.  Each 
ellipses corresponds to 1 of 5 subsamples 
for each coral, individually blank- 
corrected U–Pb analyses.  
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Table 2.8: Magnetostatigraphy samples.  N is for normal polarity and R refers to a 
reverse polarity.  MAD 1 and MAD 3 (Maximum Angular Deviation) are goodness of fit 
parameters.  MAD 1 refers to the planar PCA fit. MAD 3 refers to the linear fit.  The 
smaller the values the more coplanar and collinear the points, respectively.  
 
CORE DEPTH DECLINATION INCLINATION MAD1 MAD	3 POLARITY CHRON ALT.	CHRON SUBCHRON EXCURSION AGE	
1 3.93 184.64 19.67 25.23 8.5 N C1n
1 11.4 225.5 25.89 31.64 6.02 N C1r.1n C1r.1r 1r.1r.1n Santa	Rosa	 932	Ka
1 40.8 206.7 28.51 15.59 11.73 N C1r.1n
2 3.4 182.31 -55.23 27.12 3.18 R C1r	1r
2 30.8 199.3 22.81 26.52 6.49 N
C1r.2r
C1r.2r.4n	(Gardar);	
C2n	(Olduvai) C1r.2r.2n	 Cobb 1.19-1.215	Ka
2 45.13 181.36 39.86 24.24 9.87 N
C1r.2r
C1r.2r.4n	(Gardar);	
C2n	(Olduvai) C1r.2r.2n	 Cobb 1.19-1.215	Ka
N
Core	3outcrop 9B 217.17 5.19 43.57 9.71 N C1n
Core	3outcrop 9C 220.3 17.4 19.55 10.02 N C1n
3 14.55 236.34 -32.19 38.72 6.18 R C1n 13	a 510	ka
3 24.17 206.01 23.28 27.18 8.99 N C1n
3 34.48 172.68 20.22 23.69 10.59 N C1n
3 36.4 223.33 34.81 38.07 6.53 N C1n
3 41.63 181.4 20.11 24.58 9.33 N C1n
3 56.2 203.62 18.14 40.86 12.17 N C1n
4 1.62 208.03 21.28 10.41 12.48 N C1n
4 26.71 172.92 19.43 22.05 12.02 N C1n
4 32.1 202.18 45.96 40.37 7.09 N C1n
4 44.71 152.45 -22.49 23.9 7.54 R C1n 9a	or	9b 310,	330	Ka
4 49.67 203.38 31.69 11.82 9.91 N C1n
4 54.02 129.55 45.75 29.92 12.34 N C1n
4 61.3 141.22 21.56 14.24 15.52 N C1n
4 66.77 130.37 -21.82 8.12 22.47 R C1n 13	a 510	ka
4 67.53 202.27 -26.98 23.23 9.11 R C1n 13	a 510	ka
4 85.5 94.07 62.86 28.31 7.24 N C1n
4 86.3 168.78 62.75 23.69 11.9 N C1n
4 89.85 120.01 72.38 15.47 5.17 N C1n
4 93.05 161.61 61.88 8.55 13.92 N C1n
4 94.57 236.28 66.31 6.6 6.44 N C1n
4 96.95 164.34 69.42 35 4.01 N C1n
4 99.65 239.31 66.03 34.34 4.11 N C1n
4 101.2 198.01 73.8 26.4 2.29 N C1n
4 102.1 155.56 56.75 29.24 5.87 N C1n
4 104.1 205.77 74.2 27.28 3.49 N C1n
4 104.75 96.56 82.32 28.4 4.72 N C1n
4 106.5 231.95 73.59 33.62 2.35 N C1n
4 107.9 194.47 79.21 33.37 7.12 N C1n
4 109 137.54 82.35 25.32 3.76 N C1n
4 110.6 168.88 75.49 39.02 2.47 N C1n
4 110.9 147,67 -41.18 31.97 6.26 R C1r.1r
4 113.05 103.86 -23.6 10.81 9.32 R C1r.1r
5 51.84 123.92 31.19 27.46 6.05 N C1n
5 53.88 197.72 -35.17 27.64 8.29 R C1n 9a	or	9b 310,	330	Ka
5 54.48 173.87 -28.35 26.28 14.11 R C1n 9a	or	9b 310,	330	Ka
5 55.18 109.07 -17.98 26.56 11.31 R C1n 9a	or	9b 310,	330	Ka
5 83.45 182.99 37.9 24.7 15.34 N C1n
5 84.1 181.48 26.42 36.55 9.24 N C1n
5 86.5 N C1n
5 87.7 171.61 55.37 31.38 4.79 N C1n
5 89.5 N C1n
5 91 252.74 26.81 17.4 8.24 N C1n
5 92.4 144.62 51.79 25 5.97 N C1n
5 124.3 172.26 25.25 28.82 5.91 N C1n
5 126.2 212.87 45.12 36.79 3.89 N C1n
5 128.5 212.64 29.76 40.39 0.16 N C1n
5 137.8 163.93 50.6 30.88 5 N C1n
5 144 151.7 44.54 30 6.42 N C1n
5 147.85 129.7 39.73 23.33 4.99 N C1n
Borda 2Ga 314.61 -40 26.49 7.08 R C1r.1r
Borda 9D 239.07 24.8 24.57 6.89 N C1r.1r C1r.2r C1r.2r.2n	 Cobb 1.19-1.215	Ka
Borda 6C 160.3 53.12 15.09 12.95 N C1r.1r C1r.2r C1r.2r.2n	 Cobb 1.19-1.215	Ka
Borda 8A 127.74 49.3 23.05 5.13 N C1r.1r C1r.2r C1r.2r.2n	 Cobb 1.19-1.215	Ka
6 72.7 168.34 61.74 37.5 8.09 N
C1r.2r.2n	
C1r.2r.4n	(Gardar);	
C2n	(Olduvai)
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Figure 2.10: Identification of sequences for Core 5. Refer to figure 2.8 for stratigraphy 
legend. Combined stable isotopes and mineralogy aided in the identification of sequence 
boundaries.  U-Th, U-Pb, paleomagnetic polarity and nannofossil datums are used to 
establish age constraints. 
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2.5.3.2 Core 4 
A total of fourteen sequences have also been identified within Core 4 ranging 
from MIS 5 to MIS 18 (125-800 ka) (Figure 2.11). Chronological constraints include 
U/Th and U-Pb ages, and nannofossil zonations (Table 2.6, and 2.7).  A total of twenty-
six magnetic polarities were obtained from Core 4. Twenty-one normal polarities 
throughout the core are consistent with the established ages above within the Brunhes. 
An age of 128 ± 1.0 (2σ) ka constrains the uppermost package of Core 4 with a 
surface elevation of 10.4 m to MIS 5e (Table 2.6). In Core 4 the boundary of MIS 5-7 is 
identified by the presence of a calcrete. The flooding of MIS 5 is suggested by the 
abundance of platy corals above the boundary.   The MIS 7 sequence in Cores 4 is 
identified on the first occurrence of E. huxleyi (< 280 ka).  The boundary of MIS 7-9 is 
identified at 33.7 m.  The flooding of MIS 7 is suggested by a deepening above the 
boundary, and shallower A. palmata at the top of MIS 9 sequence.  One reversal in 
sequence 4-3 is consistent with the 9a (~ 310 ka) or 9b (~ 330 ka) excursion identified by 
Lund et al. (2001) also identified in Core 5 (Table 2.8).  The last occurrence of P. 
lacunosa (480 ka) constrains the sequence below to MIS 11.  The boundary of MIS 11-
13/12 is identified at 57.9 m by the presences of a hardground surface.  Two reversals in 
the regressive cycle of sequence 4-5 suggest the 13a (~ 510 ka) excursion (Lund et al., 
2001).  There is significant change below the 13/12 to 15/14 boundary in Core 4 at 75 m.  
Similar to Core 5, this boundary also shows original aragonite mineralogy and more 
positive δ13C and δ18O stable isotopic values below the boundary (Figure 2.12).  The 
boundary with the sequence below at 89.0 m is characterized by a hardground surface, 
and an increase in HMC below the boundary.  An age of 690 ± 5.3 (2σ) Ka at 101.3 m  
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Figure 2.11: Identification of sequences for Core 4. Refer to figure 2.8 for stratigraphy 
legend. Combined stable isotopes and mineralogy aided in the identification of sequence 
boundaries.  U-Th, U-Pb, paleomagnetic polarity and nannofossil datums are used to 
establish age constraints. 
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constrains the sequence within MIS 17. The boundary with MIS 18/19 in Cores 4 (110 m) 
shows a deeper facies above the boundary characterized by the abundance of platy coral 
species. The two reversals identified in sequence 4-8 suggest the lowermost sequence 
records the transition to the Matuyama polarity chron (~ 780 ka) within MIS 19 (Berger 
et al., 1995; Love and Mazaud, 1997; Channell et al., 2004). 
2.5.3.3 Core 3 
Four shallowing upward sequences were identified in Core 3.  Core 3 was drilled 
close to the margin of the 30m terrace.  Multiple exposed units show a clear reef crest of 
the modern fringing reef zonation (Figure 2.18) dominated by A. palmata 
boundstone/framestone.  Two Acropora palmata samples obtained from surface deposits 
at an elevation of ~ 24 m provided ages of 326 ± 8.0 (2σ) Ka and 368 ±12.3 (2σ) Ka 
(Table 2.6).   The 234U/238U initial activity ratio of 1.19 and 1.27 deviates from the 1.15 
value for seawater.   Deviations from this value, and the discrepancy between the ages 
suggest an open system, and not suitable to use for the chronostratigraphy.  Nevertheless, 
based on the location of the samples on the uppermost sequence of the prominent 30 m 
terrace, and the shallow water depositional environment (i.e. presence of A. palmata), the 
ages suggest the highstands of MIS 11 (424 ka) or MIS 9 (337 ka).   The boundary with 
the sequence below (sequence 3-2) lies at 12.50 m and is identified by the presence of a 
calcrete, and a negative δ13C excursion.  The magnetic polarities of this second sequence 
are mostly normal, and consistent with the Brunhes polarity. One reversal at 14.55 could 
indicate the 13a (510 Ka) excursion identified by Lund et al. (2001). The sequence 3-2 to 
3-3 boundary at 34 m is also identified based on the presence of a calcrete and another 
δ13C negative excursion. The presence of A. palmata at the top of sequence 3-3 suggests 
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very shallow waters of the reef crest environment, with deep water platy corals associated 
with the flooding of sequence 3-2.  The boundary between sequence 3-3 and 3-4 is at 
61.5 m.  There is a clear facies change with the sequence below at 61.50 m.    
 
Figure 2.12: Identification of sequences for Core 3. Refer to figure 2.8 for 
stratigraphy legend. Stable isotopes aid in the identification of sequence boundaries. U-
Th and paleomagnetic polarity are used to establish age constraints.  
 
0
10
20
30
40
50
60
70
0-2-4-6-8 -7 -5 -3 -1P G F B
dolomite 
low Mg calcite
MineralogyT-R 
cycles
Core 3
 3
-1
 3
-2
 3
-3
 3
-4
δ18O 
δ13C 
326 +- 8.0 ka
367 +- 12.3 ka
Se
qu
en
ce
s
R
N
N
N
N
N
U-Th age
Radiometric Ages
R - Reverse
N - Normal
Polarity
	 
68	
There is a mollusk-rich skeletal grainstone of the reef front facies below the boundary, 
and a branching coral boundstone/floatstone above.   
2.5.3.4 Core 1  
Eight sequences were identified in Core 1. This core was drilled behind Core 3 in 
the 30 m terrace, in the inner lagoon environment as suggested by both the uppermost 
sequence of Core 1 and outcrops in the area. A subaerial exposure at 5.2 m is evidenced 
by a negative excursion in the δ13C.   It is also a sharp facies change with skeletal 
grainstones above the boundary to a branching coral mudstone below.  Two normal 
magnetic polarities were obtained from these two sequences.  The boundary between 
sequence 1-2 and 1-3 is at 20.10 m, right at a molluscan rich unit with a calcrete.  The 
presence of A. palmata at the top of sequence 1-3 indicates a shallow-water environment 
later flooded by deeper water corals.  The boundary between sequence 1-3 and 1-4 at 
41.0 m is identified by the combination of a facies change and a more negative δ13C.   
This lower sequence is a thin reef front package with the lower boundary at 47 m.  This 
boundary between sequence 1-4 and 1-5 has a negative δ13C correlates.  Trace element 
distributions, mainly changes in Mg, Mn, and Sr, further evidence this sequence 
boundary (refer to Chapter 2, Figure 2.6).  The next boundary (sequence 1-5 to 1-6) at 53 
m is a firmground surface with a significant change in the coral ecology.  The corals 
below this boundary are species of an Early Pleistocene age.  The dominant species in 
these slope sequences below 53 m are S. monticulosa and S. minor. These species 
become extinct above 53 m with Acropora sp. dominating from sequence 1-4 to 1-1.  The 
boundaries for the lowermost sequences (71m and 81m, respectively) are identified based 
on this T-R cycle biofacies changes with alternating S. minor boundstones (muddy 
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packstone) in the regressive cycles and platy coral boundstones (mudstone/wackestone 
matrix) in the transgressive packages.   
 
Figure 2.13: Identification of sequences for Core 1. Refer to figure 2.8 for stratigraphy 
legend. Stable isotopes aid in the identification of sequence boundaries. U-Th and 
paleomagnetic polarity are used to establish age constraints.  
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2.5.3.5 Core 2  
Core 2 was drilled in the 45-50 m terrace close to the margin.  6 sequences are 
identified.  Nine polarities were measured in this interval (Table 2.8).   A sample at 3.4 m 
in the uppermost sequence has a reverse polarity.  The other two samples at depth at 30.8 
m and 45.13 m in the sequences below have a normal polarity.  This transition reverse to 
normal could further suggest the transition at the top of the Jaramillo (~0.9-1.0 Ma), 
consistent with deposition during MIS 31 (Table 2.8). The first subaerial exposure is 
evidenced at 8.5 m by the presence of a calcrete and a more negative δ13C signal.  The 
boundary between sequence 2-2 and 2-3 at 12.50 m separates the modern coral fauna of 
the uppermost two sequences from the Early Pleistocene sequences below where 
Stylophora sp. dominates.   Sequence 3 is characterized by the coexistence of both extinct 
(Stylophora sp., Caulastrea sp.) and extant shallow water coral fauna, including 
Pseudodiploria sp., and A. palmata.  This continuous record of extant, to coexisting, to 
extinct is seldom recorded in the Caribbean (Budd et al., 1996, 1999; Budd and Manfrino, 
2001). The boundary between sequence 2-3 and 2-4 (24.5 m) is identified by a change in 
facies and more negative δ13C. The boundary also marks a distinct change in the texture 
of the units, with muddier cycles ranging from mudstones to branching coral 
wackestones. These two sequences 2-4 and 2-5 could indicate a more protected lagoon or 
slightly deeper water reef front facies. The boundary between 2-5 and 2-6 is identified by 
a facies change with a shallower inner platform (S. monticulosa and A. palmata 
dominated) below the boundary flooded by the muddier smaller branching coral facies 
that characterize sequence 2-5. 
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Figure 2.14: Identification of sequences for Core 2. Refer to figure 2.8 for stratigraphy 
legend. Stable isotopes aid in the identification of sequence boundaries.  
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subaerial exposures  (Figure 2.18).  The presence of medium Gephyrocapsa sp. near the 
bottom of Core 6 (76 m) constrains these fringing reef terraces to close to 1.6 Ma.   5 
polarities were obtained from the exposed Borda quarry, with one reverse polarity in 
sequence 6-1 and five normal polarities in the sequences below.  The uppermost 
boundary at 1.0 m is identified the presence of a calcrete.   This uppermost boundary 
represents the coral faunal change with a modern coral unit on top. Below this boundary 
both extinct and extant fauna are found, mainly Stylophora sp. and A. cervicornis. The 
next boundary in Core 6 is at 9.50 m identified on the basis of a facies change.   Below 
this boundary only extinct coral fauna is identified.  The dominant species in these reef 
flat/backreef facies are S. monticulosa and C. portorricensis. The next boundary at 14.0 
m in Core 6 shows a change in textural composition.  The two units below are slightly 
more grain-rich skeletal packstones. In outcrop, an exposure surface is identified 
associated with this facies change.   The boundary between sequence 6-4 and 6-5 (24.5 
m), is based on a facies change and a negative excursion in the δ13C.  An exposure 
surface correlates to this boundary in outcrop.  The presence of S. monticulosa at the top 
of sequence 6-5 indicates shallower water than the S. minor dominated cycle of sequence 
6-4 above the boundary. The boundary between sequence 6-5 and 6-6 (31 m) is 
characterized by a more diverse coral fauna in a muddier matrix with an increase in platy 
corals and S. monticulosa suggest the slightly deeper facies of the reef front in sequence 
6-6.  This is the last boundary correlated to an exposure surface in the Borda quarry.  The 
boundary between sequence 6-6 and 6-7 (39 m) is characterized by a textural change 
from wackestone to packstone, which also correlates to a change in the stable isotopic 
signature and also trace element profile (Figure 2.8). In the deeper fore reef facies 
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sequences of Core 6, the boundaries are characterized as firmground and hardground 
surfaces.  The presence of P. lacunosa ovata in sequence 6-9, and Gephyrocapsa sp. in 
sequence 6-10 constrain the oldest deposits drilled in this prograding margin to ~1.6 Ma 
(Figure 2.16).   
2.5.3.7 Core 7 
Core 7 was also drilled in the 45-50 m terrace, behind Core 6 (inland).  Correlation of the 
sequences between Cores 7 and 6 are possible due to less horizontal heterogeneity in the 
backreef facies.  The calcrete between sequence 7-1 and 7-2 is identified at 0.9 m in Core 
7 (Figure 2.9). As in Cores 2 and 6 this first boundary correlates to the last occurrence of 
Stylophora sp.  The boundary between sequence 7-2 and 7-3 is identified at 5.0 m with a 
very distinct facies and textural change.  Close to the boundary a more negative δ13C 
could be indicative of the subaerial exposure.  Another more negative δ13C excursion is 
identified at the boundary between sequence 7-4 and 7-5. The boundary between 
sequence 7-5 and 7-6, also has a molluscan rich layer above a calcrete surface (Figure 
2.17) that correlates to a more negative δ13C values.  Biofacies changes (i.e. coral depth) 
are used to identify the boundaries between the shallowing up sequences 7-7, 7-8 and 7-9.  
Abundance of platy corals and free-living corals characterize the deepening events.  
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Figure 2.15: Identification of sequences for Core 6. Refer to figure 2.8 for stratigraphy 
legend. Stable isotopes aid in the identification of sequence boundaries. Nannofossil 
datums and the last occurrence of Stylophora sp. help establish stratigraphic and age 
constraints.  
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Figure 2.16: Identification of sequences for Core 7. Refer to figure 2.8 for stratigraphy 
legend. Stable isotopes aid in the identification of sequence boundaries.  
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Figure 2.17: Study area outcrop exposures.  Subaerial exposures (SE) identified and 
traced in The Borda Quarry of the 45-50 m terrace (upper left) aided in boundary 
identification of Core 6.  Quarry walls also provide a 3D view of facies distributions: A. 
palmata dominated facies near Core 3 (30 m terrace), the backreef with abundance of 
head corals near Core 4, and A. palmata dominated reef crest near Core 5.  Sigmoidal 
geometries can also be seen from the coastal terrace. 
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2.6 Discussion 
2.6.1 Depositional Model & Reef Architecture 
Robust chronostratigraphic control with U-series, and nannofossils has allowed 
for correlation of the Middle to Late Pleistocene sequences of Cores 4 and 5 from MIS 
18/19 to MIS 5 (~ 700 – 128 Ka). Polarity differences in the lowermost sequence of 
Cores 4 and 5 (sequence 4-8 and 5-8) suggest they might record different cycles within 
MIS 18/19. The reverse paleomagnetic polarity in Core 4 shows the transition to the 
Matuyama chron within the MIS 19 highstand (Berger et al., 1995; Love and Mazaud, 
1997; Channell et al., 2004).  The presence of only normal polarities in sequence 5-8, 
suggest this sequence in Core 5 only records the MIS 18 cycle. The missing section of 
MIS 19 in Core 5 could be associated to the 30 – 40 m difference in depth between both 
cores, with Core 5 being to deep to record the highstand of MIS 19.   
The uppermost sequence of Cores 1 and 3 represent a shallow water (highstand) 
environment, that has been correlated to the MIS 11 highstand event in Cores 4 and 5, 
based on U-Th ages, shallow water highstand facies distribution (i.e. A. palmata 
boundstone at the margin edge of Core 3), and the prominence of the 30 m terrace.   
Sequences 1-2 to 1-4 in Core 1 record the highest amplitude highstand events of the Mid-
Pleistocene (MIS 21–29?) capable of flooding the uplifting terrace.  Core 1 also ties the 
Early Pleistocene deposits of Cores 7, 6, and 2 to the Late Pleistocene Cores 3, 4, and 5.  
The last occurrence of Stylophora sp. is identified as a distinct boundary traceable in 
Cores 1, 2, 6 and 7.  The change from a Stylophora sp. to and Acropora sp. reef occurs in 
sequence 5 in Core 1 and correlates to the uppermost sequences of Cores 2, 6, and 7.  
Based on the uplift rate and elevation of this uppermost sequence in Cores 2, 6 and 7 
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were Stylophora sp. becomes extinct, we consider MIS 31 as the most likely highstand 
event responsible for the transition to modern coral fauna in this sequence (Figure 2.21).  
Although chronostratigraphic control is more limited for the older deposits of Cores 6 
and 7, outcrop (i.e. quarry exposures) and cores show less vertical heterogeneity between 
these cores, and easier to correlate packages.  Nannofossils identified in Core 6 provide 
the oldest chronostratigraphic control for the prograding margin.  Sequence 10 in Core 6 
is ~1.6 Ma, making the whole section drilled close to a 2.0 Myr record of Caribbean 
fringing reef evolution. 
2.6.2  A 2 Myr Record of Pleistocene Reef Development  
These seven cores provide a continuous record of reef margin development for the 
past 1.6 Mya.  The shallow-water reefal deposits of Cores 7, 6, and 2 are dominated by 
extinct Stylophora coral species.   Recent studies in the Mio-Pliocene of the Dominican 
Republic suggest a minimum of nine different Stylophora species inhabited reef 
environments from shallow nearshore reefs to deeper fore-reef environments (Klaus et 
al., 2008).  We have identified a number of species in these Early Pleistocene sequences 
including: Stylophora monticulosa, Stylophora minor, Stylophora granulata, Pocillopora 
crassaramosa, Caulastrea portoricensis, Placocyathus sp., Goniopora imperatoris, and 
Favia dominicensis (see Appendix B).  The lateral extent of vertical facies interpreted as 
shallow nearshore environments agrees with previous studies (Vaughan 1919, Johnson et 
al., 2008) suggested reef development consisted primarily of bedded thickets and patch 
reefs with large-scale reef flat development being rare.   Although A. palmata is present 
in the margin deposits, it is not dominant as in the younger cores were clear A. palmata 
boundstones are identified in margin deposits.   In addition, the slightly muddier texture 
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of these biofacies suggests a near-shore environment where there is not a distinct reef 
crest similar to modern reef zonations. The lower amplitude 41 kyr sea level cycles of the 
Early Pleistocene resulted in less vertical heterogeneity of facies and thinner shallowing 
upward cycles, where aggradation packages result from reef “keep-up”.   
The flooding of the 50 m terrace records one of the most striking changes in reef 
coral communities in the Caribbean: the transition from Stylophora-dominated reefs to 
those dominated by Acropora (Budd et al., 1998; 1999; Klaus and Budd 2003; Budd and 
Wallace, 2008).    Here we propose these deposits in Cores 1, 2, 6, and 7 are associated 
with the MIS 31 highstand event (1.06 – 1.08 Ma), which was the last significant warm 
interglacial of the obliquity-dominated climate regime and which may represent a 
precursor to the high-amplitude eccentricity-dominated cycles that followed the Mid-
Pleistocene climate shift from the 40 kyr obliquity-based cycles to 100 kyr eccentricity-
based cycles (Scherer et al., 2003; Scherer et al., 2008; Maiorano et al., 2009).  These 
changes during the Mid-Pleistocene (within Brunhes Chron C1n) resulted in fringing 
Caribbean reefs characteristic zonation in which A. palmata dominates shallow high-
energy reef crests and A. cervicornis calmer fore-reef slopes and backreef lagoons 
(Goreau 1959, 1967; Goreau and Wells, 1967; Mesolella, 1967; Porter, 1976; Geister, 
1977).  The dominance of acroporids across this zonation has been attributed to growth 
rates 5-100 times faster than other coral species (Dullo, 2005), and an unmatched ability 
to fragment and propagate asexually. 
The Mid to Late Pleistocene sequences n the seaward cores 3, 4, and 5 show 
larger facies heterogeneities (Figure 2.19 and 2.20).  The shallow-water lowstand facies 
identified at 110.0 m in Core 5 record the larger amplitude changes in sea level during the 
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Late Pleistocene.  Thicker transgressive-regressive cycles when compared to the Early 
Pleistocene, result from more defined reef crest facies in the shallow water, and an 
increase in highstand shedding and sediment transport to the slope associated with the 
larger amplitude cycles.   
The mid-Pleistocene deposits show a down-stepping progradational margin, prior 
to the flooding of the 30 m terrace (Figure 2.19).  The 30 m terrace is the most prominent 
terrace in the transect.  U-Th ages suggest a most likely MIS 11 age for the uppermost 
sequences of Cores 1and 3 and expands the MIS 11 fringing margin profile from the 
shallow water deposits of the terrace to the slope deposits found in Cores 4 and 5.   
Correlation between these three cores suggest ~ 94m water depth for the carbonate slope 
deposits (Figure 2.19).  The slope deposits of Core 4 and 5 evidence a major shift in 
sedimentation associated with the onset of MIS 11.  The highstand of MIS 11 resulted in 
reef development in the shallow warm-waters, more carbonate production and prominent 
shelf margins, steeper slopes, and significant carbonate shedding into the forereef, 
reflected in the thick transgressive- cycles of the deeper water facies.  Prior to this 
significant flooding event, sequences show a siliciclastic component of up to 20%.  
Siliciclastic input in mixed systems have been widely attributed to sea level lowstands 
(Ferro et al., 1999; Droxler et al., 2013), but have also been documented to have been 
deposited during sea level highstands (Gischler et al., 2010).  The siliciclastics found in 
the slope facies of Cores 4 and 5 are consistent with Middle Pleistocene lower amplitude 
cycles, and the lower highstands of MIS 25-13.  Similar patterns have been interpreted in 
Belize (Gischler et al., 2010), were prior to the onset of MIS 11, the system shows coeval 
sedimentation during the Early to Middle Pleistocene. In Belize, an exposed shelf and the 
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presence of a fluvial system allowed for siliciclastic accumulation in the shelf.   This is in 
contrast with what we see in the Dominican Republic. The exact mechanisms of offshore 
transport in Cores 4 and 5 need further explanation.  Correlative shallow water units for 
the Middle Pleistocene in Core 1 do not show the presences of siliciclastics in the 
platform that would indicate an exposed shelf with a fluvial plain similar to Belize. One 
likely explanation is localized point-source fluvial systems that bypassed the shelf and 
deposited sediment offshore.   
 
Figure 2.18: Correlation of Cores 4 and 5 using stable isotopes, mineralogy, and 
lithostratigraphy.  Black lines mark correlated depositional packages.  The red line 
separates siliciclastic-rich deposits prior to the highstand of MIS 11. 
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2.6.3  Uplift Rates  
U-Th dates indicate the exposed deposits of Cores 4 (11-12 m) and 5 (6 m) 
represent the flooding of MIS 5e.  Furthermore, the two ages constrain this sequence to 
the early substage 5e (Table 1.3).  The 3 to 5 m difference in elevation between the 
sample and the coastal reef terrace could indicate the difference in water depth between 
the two sites.    
Chronological constraints for the surface deposits of the sea-level highstand 
events allowed calculations of an approximate uplift rate.  The elevation of Core 5 is 
consistent with the global marine sea level record of 6 – 9 m (Dutton et al., 2015).   Based 
on the corrected model for Global Isostatic Adjustment (GIA) and dynamic topography, 
MIS 11 was 6-13 m above present sea level in the Bermudas and Bahamas regions 
(Dutton et al., 2015).  Current elevations of A. Palmata boundstones surface deposits near 
Core 3 are 22-24 m and suggest 9-18 m of uplift (Figure 2.20).  Acropora palmata 
provides the best constraints, since it grows in 5 m or less water depth (Hubbard, 2008; 
Peltier and Fairbanks, 2006).  MIS 31 surface deposits are currently at an elevation of 44 
m.  Based on these elevations a time-averaged uplift rate of 0.04 +/- 0.02 m/kyr is 
calculated.  Although these surface deposits represent nearshore shallow environments, 
variations in sea-level highstand records, and water depth during growth can bring 
uncertainties.  
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2.6.4  Lowstand Reefs and T-R packages 
U-Pb dating of the shallow-water species Colpophyllia natans provides evidence 
for a lowstand sequence during MIS 16.  MIS 16 is recognized as a lowstand event with 
an amplitude of ~ 120 m (Lisiecki and Raymo 2005).  Isotopic characterization of these 
corals shows δ18O values of -1.46‰ to 1.57‰ and δ13C of -0.78‰ to 2.85‰. 
Isotopically, they are heavier than modern specimens of the same species (Figure 2.22).  
These heavier values reflect the isotopic signature of marine waters during a glacial 
period.  Some of this coral species suggest water depths of 10-20 m (Hubbard, 2008).  
Other shallow water corals present at 112 m in Core 5, include O. annularis, 
Pseudodiploria sp. and Eusmilia sp, Madracis sp. and P. asteroides.  In difference, with 
highstand shallow water sequences Acropora sp., is not an abundant species.  Tager et al. 
(2010) also found significant coral community variations between the lowstand and 
highstand reefs in the Huon Gulf.  The Pacific lowstand reefs do not show dominance of 
branching species, but show an increase in encrusting and platy species and associated 
with changes in environmental regime (Tager et al., 2010).   The presence of massive and 
branching species in the lowstand of Core 5, and the muddy packstone matrix with 
siliciclastics suggest a protected inner-mid platform environment. 
2.6.4  Accretionary Rates and Progradation 
Chronologic refinement for the fringing margin of the southern Dominican 
Republic has allowed calculation of sediment accumulation, and reef progradation 
associated with Pleistocene sea-level change. Age constraints for the over 100 m section 
in Cores 4 and 5 show the DR deposits record some of the highest accumulation rates for  
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Figure 2.21: Stable isotopes of MIS 16 coral.  Coral from Core 5 has heavier δ18O 
values compared to modern values for the same species (Leder et al., 1991) consistent 
with colder glacial waters. 
 
the Pleistocene (Figure 2.23).  High-frequency sea-level cyclicity has resulted in 3 km of 
margin progradation for the last 1 Myr, and more than 150 m of vertical accumulation.  
Thicker packages characterize the slope facies during the Pleistocene.  With the onset of 
a warmer MIS 11 and increased carbonate production, carbonate content in the system 
increases due to highstand shedding.  This production, transport, and accumulation of 
predominantly carbonate sediment at the seaward edge of the transect is at a rate  
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consistent with prograding carbonate platforms such as the western margin of Great 
Bahama Bank (cores Unda and Clino, McNeill et al., 2005).  
 
Figure 2.22: Age-depth plots for some well-dated reef margins.  The DR margin 
(Core 5) shows some of the thickest accumulations for the Pleistocene.  
 
2.6.5  Pleistocene Reef Development and the Impact of Superinterglacials 
2.6.5.1 Marine Isotope Stage 31 Transition 
Caribbean reef communities show a profound change in taxonomic composition, 
diversity, and dominance structure during Plio-Pleistocene faunal turnover (Klaus & 
Budd, 2003).  Even though acroporids existed during the Late Pliocene (McNeill et al., 
Core 5
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1997; Klaus et al., 2011), it is the dominance of this species during the Pleistocene that 
resulted in significant changes in the architecture of the reef zonation.   It has been 
suggested that this transition resulted from climate deterioration during the Middle 
Pleistocene (Raymo et al., 1996, 1997; Schmieder et al., 2000; Elderfield et al., 2012). 
This transitional period is seldom recorded in the Caribbean geological record.    
Nevertheless, despite use as a biostratigraphic datum, the last occurrence of Stylophora in 
the Caribbean was poorly constrained and the environmental and ecologic causes of its 
extinction poorly understood.  One of our primary goals was to constrain the regional 
extinction and ecological decline of Stylophora (and other extinct taxa) and determine 
whether the transition from Stylophora to Acropora dominance was due to protracted 
climatic deterioration and cooling between 2.0 to 0.8 Ma, or the onset of high amplitude 
sea-level fluctuations ~400 ka (Jackson 1992, 1994; McNeill et al., 1997; Droxler et al., 
2003).  The change in coral fauna in our study seems to be associated with the onset of 
the MIS 31 (0.98 Ma) highstand. MIS 31 was the last significant warm interglacial of the 
obliquity-dominated climate regime and which may represent a precursor to the high-
amplitude eccentricity-dominated cycles that followed the Mid-Pleistocene climate shift 
(Scherer et al., 2003; Scherer et al., 2008; Maiorano et al., 2008).   
Although MIS 31 has received little prior attention as a key climate event, there is 
sufficient evidence from both low and high latitude records to indicate significant ocean 
circulation and ice volume changes during that interglacial (Scherer et al., 2003). The 
length of this entire MIS 31-33 interval from the well-dated 177-1090 record is about 50 
kyr, similar to the length of MIS 11 (Tietler et al., 2007).   This distinct warm event is 
likely the result of a modification in the poleward heat transport and/or polar 
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amplification of an orbital induced climate event.  Increased biogenic carbonate in the 
Southern Ocean around 1.0 Ma (Froelich et al. 1991; Villa et al., 2008), the near absence 
of sea-ice related diatoms (Scherer et al., 2003), the presence of drift deposits (Maiorano 
et al., 2009) and other observations indicate that surface waters were notably warmer than 
present, and that sea-ice was drastically reduced during this interglacial stage.  Globally 
this period is synchronous with the collapse of the West Atlantic Ice-sheet (Villa, 2005; 
Tietler et al., 2007) and significant modification in bottom water production, including 
relatively warm sea surface temperatures and strong North Atlantic Deep Water 
production and open marine conditions.  MIS 31 plays an important role in the transition 
from 41 kyr to 100 kyr climate cycles, and calculated orbital northern hemisphere 
summer insolation values for MIS 31 are among the highest of the last 5 Ma (Scherer et 
al., 2003).  
2.6.5.2 Marine Isotope Stage 11  
MIS 11 is regarded as the longest interglaciation since the Brunhes–Matuyama 
boundary (770 ± 6 ka) with duration from approximately 424 ka to 392 ka.  This sea level 
highstand is synchronous with the onset of major reef development and carbonate 
production globally including Belize (Gischler et al., 2010), New Caledonia (Cabioch et 
al., 2008), and the Great Barrier Reef (Webster and Davies, 2003; Braithwaite et al. 
2004).  The Caribbean reefs, were not the exception. Corals attributed on the basis of 
ESR dating to MIS 11 on Barbados at 110–120 m above sea level have inferred ages of 
~398 ka and ~410 ka, and when uplift-corrected suggest sea levels around 11–18 m 
above present (Schellmann and Radtke, 2004; Woodroffe and Webster, 2014).  These 
sea-level values are similar to those identified here (Figure 2.21).
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Chapter 3 
Diagenetic Evolution of a Fringing Reef Margin during Pleistocene Sea- 
Level Fluctuations 
 
3.1 Overview 
Sea-level fluctuations from the Neogene to recent and associated meteoric 
influence on shallow-water carbonates has resulted in spatial variability in the types and 
degrees of carbonate diagenesis (Moore, 1989; Melim et al., 1995; Melim et al., 2002; 
Braithwaite and Camoin, 2011).  Diagenesis in carbonates is the primary post-
depositional mechanism that results in the formation or destruction of porosity and 
permeability.  The complexity of the diagenetic history is often related to the original 
facies type, original mineralogy, and the microstructures and fabrics within the different 
skeletal components (Strasser and Strohmenger, 1997; Li et al., 2013).  Diagenesis is 
further accentuated by high frequency sea-level cyclicity, climate change and tectonics 
that can rapidly bury or expose rocks to subaerial conditions. This makes it possible to 
integrate carbonate diagenesis into the patterns of relative sea-level change, which are the 
underlying control on the formation of sequences and their systems tracts. Integration of 
diagenesis to sequence stratigraphy constitutes a powerful tool in the prediction of 
carbonate reservoir quality, but the spatial distribution of diagenetic successions can also 
aid in understanding the sequence stratigraphic framework.  In tropical carbonate rocks 
the distribution of diagenetic alterations can be recognized within third (1-10 Ma) or 
fourth (10s ky to 100 ky) order cycles of relative sea-level change (Tucker, 1993).  
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The extent and duration of the meteoric water flux have a direct impact on the chemical 
(elemental and isotopic) and textural and/or mineralogical modifications to the system.   
Subaerial exposures due to relative-sea level falls can be characterized by dissolution and 
karstification or calcrete formation.  At the parasequence level, the diagenetic 
modifications can be identified associated to transgressions and regressions, including the 
presence of maximum flooding surfaces, hardgrounds and firmgrounds and marine 
dolomitization.   
Difficulties can arise when trying to determine the relationship between sea-level 
change and diagenesis.  The relation becomes even more difficult when trying to decipher 
rock diagenetic signals that have been overprinted with multiple sea-level fluctuations 
(Vollbrecht, 1990 and Grischler et al., 2009). Petrographic studies have proven useful in 
identifying diagenetic environment and paragenetic history in shallow water carbonates. 
However, significant challenges arise when looking at the deeper-water marine 
diagenetic realm (Melim et al., 1995, Melim et al., 2002, Gischler et al., 2013).  Melim et 
al. (1995, and 2002) recognized that dissolution and cementation in the marine burial 
realm is very similar to the characteristic meteoric phreatic environment, and can only be 
resolved by integrating other data that isolate meteoric diagenesis, including stable 
isotopes and trace elements.  For example, the carbonate meteoric diagenetic signal in 
stable isotopes is characterized by relatively negative values, and values of marine 
diagenesis are often more positive. 
Accurate interpretation of the relationship between sea level and diagenetic 
history is key to better understand trends in the properties of the rock (i.e. dissolution and 
cementation) including porosity and permeability (Figure 3.1).  Although it is possible to 
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determine basic diagenetic signals based on sea-level cyclicity (Braithwaite and Camoin, 
2011), often further overprinting can result in erratic distributions and complexity of 
cements (Braithwaite and Montaggioni, 2009).  Vollbrecht and Meishner (1996), Melim 
et al. (2002), and Swart (2015) suggest that geochemical signatures show better 
indication of repeated diagenetic alteration associated with repeated sea-level change. 
Hernawati (2011) previously showed that individual diagenetic events are difficult to 
identify, because diagenetic progression stabilizes (in the sense of reducing variations) 
the geochemical signature.  
 
Figure 3. 1: Diagenetic zones.  (A) Profile of a meteoric diagenesis zone based on James 
and Choquette (1984) include the vadose zone (zones of infiltration and gravity 
percolation), the phreatic zone, the mixing zone, and the marine phreatic zone. (B) 
Diagram showing alteration and dissolution potential in the meteoric environment. 
 
The Pleistocene fringing reefs in the Dominican Republic provide an opportunity 
to address some of the questions associated with the timing and spatial variability that 
results from multiple episodes of meteoric and marine diagenesis.  The DR core transect 
records 1.6 myr of depositional and diagenetic history where the fringing reef deposits 
show diagenetic progression associated with episodes of meteoric influence.  This 
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diagenetic progression can easily be appreciated in core and outcrop where the younger 
reefs (closer to the coast) still preserve corals with original aragonite mineralogy, 
whereas the older cores show larger porosity distributions, with many completely 
dissolved corals and stabilization of original aragonite and high-Mg calcite (HMC) 
mineralogy to low-Mg calcite (LMC). 
Geochemical characterization of the core transect from the terraced south coast of 
the DR shows the diagenetic progression associated with both marine and meteoric 
diagenesis throughout reef to slope facies (Figure 2.20).  We have characterized paleo-
diagenetic zones and the effects of multiple diagenetic overprints on the geochemical 
signature of the cores.  In addition, we also establish a relationship between diagenesis 
and sequence stratigraphy, where geochemical signatures including mineralogy, stable 
isotopes and trace element profiles aid in the identification of subaerial exposures and 
sequence boundaries and have also been key for correlation of packages between cores 
(Chapter 2).   
The DR transect provides a temporal and spatial archive of the marine to meteoric 
diagenetic system.  Similar to the terraces of Barbados (Matthews, 1968), the DR transect 
preserves the effects of multiple stages of meteoric diagenesis (landward, uplifted part 
transected), to a zone of alternating meteoric and marine diagenetic events (central 
transect), to marine diagenesis (seaward transect).  The seaward deposits also provide an 
opportunity to better understand the diagenetic signature and features associated with 
lowstand events.  Thus, we have the opportunity to examine the in situ diagenetic 
processes in a fringing reef carbonate system that has experienced multiple Pleistocene 
sea-level events, as well as minor tectonic uplift. 
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3.2 Methods 
Diagenetic interpretations are based on data collected from the rocks of the seven 
core (long core) transect, numerous short (~1m) cores and several quarry outcrops.  
Mineralogy, inorganic C and O isotopic signatures, and trace elements are used in this 
study to characterize the diagenetic signatures that develop from one to multiple episodes 
of meteoric diagenetic influence (Allan and Matthews, 1982; and Swart, 2015). Total 
organic carbon (TOC), percent organic carbon, and petrography (classifying cements and 
porosity) further aid in further understanding the diagenetic history and meteoric 
overprint effects on the rock properties.  For detailed methodology refer to Chapter 1. 
3.3 Results 
3.3.1 Mineralogy  
The mineralogy varies significantly from the older (landward transect) to the 
younger cores (seaward-side transect) (Figure 2.20).   The older cores 1, 2, 6, and 7 have 
been stabilized to 100% low-Mg calcite.  From Core 3 seaward the cores contain 
dolomite in the lower sections of the core.  Core 3 is composed of low-Mg calcite and 
dolomite.  The dolomite is identified from 42.80 m downcore, and ranges from 2-66 %. 
Cores 4 and 5 have more complex mineralogy, and still preserve original marine 
mineralogy.  These two cores are described in detail below. 
Core 5 is composed of aragonite and high-Mg calcite mineralogy, stabilized low-
Mg calcite, and dolomite (Figure 3.2).  From 0-19.0 m, the core has low-Mg calcite and 
aragonite.  Aragonite varies from 6% to 90%, and it’s highest at the top 3 m.  This 
aragonite is associated with well-preserved corals from the uppermost unit.    From 19.0 
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m to 49.55 m, aragonite disappears and the core becomes 100% low-Mg calcite.   Below 
49.55 the core shows presence of dolomite mixed with low-Mg calcite.  The presence of 
dolomite at 49.55 m correlates to the sequence boundary between units 5-2 and 5-3 
(Figure 3.2).  The dolomite is characterized as micron-sized rhomb cements filling in 
pores, replacing cement, and as cements encrusting on previous grains (Hernawati, 2011).   
Dolomite content decreases downcore and varies from 2-48%.  Below 88.15 m aragonite 
is again present, and varies from 19-67%.   This depth correlates to the sequence 
boundary between Unit 5-5 and 5-6.  High-Mg calcite appears below 120.5 m and varies 
from 6-100%.   
Core 4 is composed of original aragonite and high-Mg calcite mineralogy, 
stabilized low-Mg calcite, and dolomite (Figure 3.3).  From 0.0 – 7.55 m the bulk 
carbonate is composed of aragonite up to 75%, and low- Mg calcite. Below, up to 37.97 
m, mineralogy is 100% low-mg calcite.  Dolomite appears at 39.05 until the end of the 
core.  The highest values from 25-65% occur up to 49.0 m.  Aragonite is again identified 
at 75.75 m, along with dolomite and LMC. This boundary (75.75 m) correlates with the 
sequence boundary between units 4-5 and 4-6 (Figure 3.3). Aragonite for this lower 
section of the core varies from 13-67%.  Below 90.2 m HMC calcite is present from 2-
51%.  The presence of HMC correlates to the boundary between units 4-6 and 4-7 (Figure 
3.3).   
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3.3.2 Other minerals 
Petrographic thin-sections and SEM imaging from Cores 4 and 5 shows the presence of 
celestine and pyrite.  They are both easily recognized in SEM by their distinct  
morphology.  Celestite is present as pore-lining cements within aragonitic corals (Figure 
3.4).  Pyrite appears infilling forams and pore space (Figure 3.4).  Elemental 
characterization shows the presence of Fe and S.  In thin-section it has a yellow to 
brownish color and it is isotropic.   The presence of these minerals along with quartz, 
lithic fragments, and phosphate grains only occurs in Cores 4 and 5 due to the input of 
siliciclastics in units 5 to 8 in both cores.  Dark green mineral grains in discrete areas 
within grainstone packages of the core have been identified as possible glauconite.    
 
Figure 3.4: Photomicrographs of pyrite and celestite.  Pyrite is shown in A B. In B 
pyrite is infilling planktic foraminifera shells.   SEM images show the presence of 
Celestite (C) and Pyrite (D).   
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3.3.3 Percent Carbonate  
Percent carbonate for Core 5 varies from 99.9% to 92.0% (Figure 3.2).  Percent 
carbonate starts to decrease below about 40 m (98.7%).  At 49.55 m it drops to 97.5 %.  
Low percent carbonate peaks generally do not correlate to boundaries in the core.  
However, a drop in carbonate at 73.15 m (97.2%) correlates with the boundary between 
units 5-4 and 5-5.   A firmground surface at 80.9 m correlates with another low carbonate 
excursion.   This Unit 5 boundary marks a major change in the depositional system, with 
the subsequent carbonate-rich successions.    The lowest percent carbonate occurs (92%) 
at the base of the lowermost units 5-8. 
Percent carbonate for Core 4 varies from 99.9 to 79.6% (Figure 3.3).  
Siliciclastics are less than 1% up to a depth of 65.65 m where carbonate percent decreases 
to 98.14%.  The most significant change in percent carbonate occurs at 75.75 m, where 
carbonate content drops to 94.4%.  This depth correlates to the sequence boundary and 
mineralogy change between units 4-5 and 4-6.  Unit 4-6 has the lowest carbonate percent 
(79.6%).   
3.3.4 Total Organic Carbon (TOC) 
Total Organic Carbon values in Core 5 are generally low and range from 0.003 – 
0.11% (Figure 3.2).  The TOC values increase slightly below 88.15 m.  This depth is the 
boundary between Unit 5-5 and 5-6, and also correlates with a change in mineralogy.  
The highest TOC values (>0.05) occur below 101.85 m.  TOC values are high for the 
transgressive section of Unit 5-7, and for Unit 5-8 with peak values of 0.11%.   
TOC values for Core 4 are similar to Core 5 and range from 0.003 – 0.13% (Figure 3.3).  
Most TOC values are less than 0.01% above 75.75 m.  Below 75.75 m TOC values 
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increase to above 0.03%. This increase correlates to the boundary between units 4-5 and 
4-6.  The highest values occur below 102.0 m, within the two lowermost units of Core 4.  
3.3.5 Organic Carbon (δ13C) 
In Core 5 δ13C varies from -26.50 to -17.10‰.  Organic carbon values can be 
divided between two groups.  From the surface to a depth of 88.15 m δ13C values are 
slightly more negative and average -23.04‰.  From 89.22 m downward average values 
become slightly less negative and average -20.20‰ (Figure 3.2).    
In Core 4 δ13C varies from -27.63 to -14.18‰.  The organic carbon values can 
also be divided into two groups.  There is a trend of decreasing (more negative) values up 
to 60.5 m.  Below 60.5 m the trend changes to increasing, less negative values, up to 110 
m where values become slightly more negative (Figure 3.3).  
3.3.6 Carbon and Oxygen Stable Isotopes 
3.3.6.1 Core 5  
There are three distinct value ranges in the inorganic isotopic signature of Core 5 
(Figure 3.2).  The upper 52.0 m show the largest variability in carbon (-6.70 to -0.09‰) 
and oxygen (-5.46 to -0.02‰) values.  Below 52.0 m the range in values becomes smaller 
and they become covariant for the rest of the core.   Form 52.0 – 85.75 m values range 
between -0.02 to -2.10‰ for oxygen and 0.76 to -1.68‰ for carbon.  A general trend to 
positive covariant values is observed below 85.75 m to the base of the core.  In this 
section, carbon varies from 1.23 to 2.94‰, and oxygen from -0.41- 1.60‰. Below 
143.05 m the oxygen shifts to more negative values. 
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Two increases in carbon in Core 5 correlate to sequence boundaries (Figure 3.2).  
The lightest carbonate values at 1.95 m (-6.70‰) correlate to the current surface 
exposure.  Another change to light values at 30m (-4.74‰) correlates to the boundary 
between units 5-1 and 5-2.  Positive covariant values at 85.75 m correlate to the sequence 
boundary between units 5-5 and 5-6, and preservation of aragonite below.  
3.3.6.2 Core 4 
There are four distinct trends in the inorganic isotopic values in this core (Figure 
3.3).   From the surface to 12.10 m δ13C (-1.89 to -9.22‰) and δ18O (-1.94 to -4.21‰) 
values have the largest variability.  Below 12.10 m oxygen and carbon values become 
covariant.  Oxygen and carbon values between 12.10 m and 58.10 m are very similar and 
range between -4.54 to -0.38‰ for carbon and -4.21 to -0.20‰ for oxygen.  The third 
change in inorganic isotopic trends occurs at 59.0 m, where covariant carbon and oxygen 
show an increasing trend to more positive values.   From 59 m to 89.15 m carbon values 
range from -0.64 to 1.55‰ and oxygen from -1.40 to 0.62‰.  Another increase in 
isotopic values occurs at 90.20 m.  Below this depth carbon values average to 2.0‰ and 
oxygen values become positive (>0.0‰).  
Changes in the isotopic trends correlate to four boundaries in Core 4.  The lightest 
carbon value at 0.37 m (-9.22‰) correlates to the current surface exposure.  Slightly 
more positive values occur from 39.05 m to 42.85 m.  This increase of 1-2 ‰ correlates 
to the uppermost boundary of the dolomitic interval.  More positive isotopic values at 59 
m correlates to the boundary between units 4-4 and 4-5.   The change to overall positive 
values below 90.2 m correlates to the boundary between units 4-6 and 4-7, and the 
uppermost boundary of HMC mineralogy.   
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3.3.6.3 Core 3   
There are four distinct trends in the isotopic values of Core 3.  In difference with 
Cores 4 and 5, all isotopic values for carbon and oxygen are negative and range between -
0.38 to -2.21‰ for carbon and  -0.18 and -1.68 ‰ for oxygen  (Figure 3.5).  From the top 
of the core to 11.86 m the isotopic values are variable and range from -6.13 to -1.69‰ for 
carbon and -4.40 to -3.11‰ for oxygen.   From ~	19	–	39	m	oxygen	(-3.11	to	-2.43‰) and	carbon		(-5.69	to	-2.81‰) are	less	variable. Below, oxygen and carbon become 
covariant and have an increasing trend to less negative values ranging between -3.15‰ to 
-1.49‰, and -2.62‰ to -1.02‰ for carbon and oxygen respectively.  From 52.12 m to 
the base of the cores covariant values are the least negative and range between -2.12‰ 
and -0.38‰ for carbon and -1.68 and -0.18‰ for oxygen.   
There are three changes to more negative δ13C values that correlate to subaerial 
exposures.  The current surface exposure is -6.13‰.  There is a negative carbon 
excursion that peaks at 13.98 m (-7.14‰) that correlates to the boundary between units 3-
1 and 3-2 (Figure 3.5). A light negative carbon value at 38.10 m (-5.69‰) correlates to 
the boundary between units 3-3 and 3-4.   An increase in oxygen at 42.80 m correlates to 
the uppermost presence of dolomite in Core 3 (Figure 3.5). 
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3.3.6.4 Core 1   
Core 1 shows a narrower range in stable isotopic values than the younger cores 3, 
4 and 5 (Figure 2.20).  Values range between -6.37‰ to -1.02‰ for carbon, and -5.30‰ 
to -1.46‰ for oxygen.  The overall trend in values gets heavier downcore (Figure 3.6).  
There is also very little covariance between carbon and oxygen values.  Variations in 
oxygen decrease below 41.0 m (-3.01‰ to -1.46‰).   A shift to slightly less negative 
values for both oxygen (3.01 to -1.46‰) and carbon (-3.77‰ to -1.02‰) occur below 
55.60 m. 
The most negative carbon value occurs at 5.05 m (-6.37‰) and correlates to the 
boundary between units 1-1 and 1-2.   Another negative carbon value at 48 m (-4.74‰) 
correlates to the boundary between units 1-4 and 1-5.  The slight isotopic enrichment at 
59.60 m correlates to the boundary between units 1-5 and 1-6 (Figure 3.6).    
3.3.6.5 Core 2   
Core 2 isotopic values range from -8.75‰ to -1.99‰ for carbon and -4.98‰ to  
-1.92‰ for oxygen (Figure 3.7).  Carbon and oxygen values are most variable from the 
surface to 12.30 m.  There is a crossover of carbon to more enriched values than oxygen 
from 13.90 m to 20.50 m (C = -2.74‰ to -3.86‰; O = -3.68‰ to -3.98‰). From 21.40 
to 43.0 m, carbon values become more negative than oxygen again  (-5.78‰ to -3.36‰), 
and oxygen values vary only 1‰ (-3.47 to -2.43‰).  There is a change to lighter carbon 
and oxygen values at 43.0 m.  From 43 m to the base of the core both carbon and oxygen 
become slightly more negative (C= -5.15‰ to -4.64‰; O = -4.65‰ to -3.25‰). Between 
52-54 m (C = -1.99‰ to -2.89‰; O = -1.92 to -2.55‰) values become less negative.  
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Three isotope shifts to lighter carbon values correlate to boundaries in the core 
(Figure 3.7).  The negative carbon at 0.50 m (-8.75‰) correlates to the current surface 
exposure boundary.  Another negative carbon peaks at 9.08 m (-8.74‰) correlates to the 
boundary between units 2-1 and 2-2. The crossover of carbon identified below 12.30 m, 
occur within unit 2-3 (12.5 to 21.5 m).  This shift marks a change between units 2-4 and 
2-5 (Figure 3.7). The slight negative shift at both carbon and oxygen at 44.75 correlates 
to the boundary between units 2-5 and 2-6. 
3.3.6.5 Core 6  
Isotopic values for Core 6 range between -7.48 ‰ to 0.19 ‰ for carbon, and  
-0.76‰ to -5.58‰ for oxygen (Figure 3.8).  Core 6 has two distinct trends in isotopic 
values. From the surface to 38 m carbon (-7.48 to -2.41‰) and oxygen (-5.58 to -3.93‰) 
shows the most variability in values.     There is a crossover of carbon values to heavier 
from 10.95 to 32.35 m.   From 39.70 m to the base of the core, carbon (-3.71 ‰ to -
1.77‰) and oxygen (-3.24‰ to -1.75‰) become covariant with very similar values, with 
a slightly increasing trend.  
A negative carbon shift at 24.75 m (-5.80‰) correlates with the boundary 
between units 6-4 to 6-5 (Figure 3.8).  A negative excursion at 58.47 m (-4.28‰) and 
82.70 (-3.73‰) correlates to the boundary between 6-7 and 6-8, and 6-10 and 6-11 
respectively.  
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3.3.6.5 Core 7   
Isotopic values for Core 7 range between -7.65‰ to -2.64‰ for carbon, and  
-4.94‰ to -2.48‰ (Figure 3.9).  The largest variability in values is from the surface to 
23.6 m.  Similar to Core 6, in Unit 3 (8.5 m) there is a crossover of carbon to more 
enriched values than oxygen (from 7.55 m to 17.15 m).   Below 23.60 m, there is a slight 
covariance although carbon shows more variability.     
The most negative carbon value is associated with the current subaerial exposure 
at 0.9 m (-7.65‰).  A shift to lighter carbon at 6 m (-6.33‰) correlates to the boundary 
between units 7-2 and 7-3.  A negative carbon shift at 21.80 m (-6.25‰) correlates to the 
boundary between units 7-4 and 7-5.   A small negative shift at 27 m (-5.29‰) correlates 
to the boundary between units 7-5 and 7-6 (Figure 3.9).   
3.3.7  Trace elements 
3.3.7.1 Core 5 
Mg, Fe, and Mn trends are very similar for this core (Figure 3.10).  They have the 
lowest concentrations at the surface; they show an increasing trend to a depth of 40 – 
50m, large variability between ~ 60 to 104 m, and another increasing concentration trend 
to the base of the core (mainly in Fe and Mn).  Sr concentrations are opposite at the 
surface, and show a decreasing trend.  Very low concentrations and similar values occur 
within the middle units from ~ 52 – 85 m (530 – 852 ppm), followed by an increase in Sr 
form ~ 85 m to the base of the core ((911 – 2894 ppm).  
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Changes in concentration of trace elements correlate to major unit boundaries in 
the core, and to transgressive-regressive (T-R cycles) (Figure 3.10).  There is an increase 
in Mg concentration at 52.30 m (8456 ppm).  This peak correlates to the boundary 
between units 5-2 and 5-3 and a change in mineralogy with dolomite below.  A 
significant increase in Fe, Mn, and Sr that peaks at 43.28 m correlates to the maximum 
flooding surface (MFS) of unit 5-2. At the 5-3 to 5-4 boundary there is a decrease in Mg, 
Fe, and Mn.  Another increase in Mg, Fe, and Mn that peaks at 74.90 m correlates to the 
boundary between units 5-4 and 5-5.  There is an increase in Sr concentration right below 
the boundary between units 5-5 and 5-6.  This increase in Sr correlates to a change in 
mineralogy to aragonite at 88.15 m.   There is also a peak in Mg associated with this 
mineralogy boundary.   There is shift to lower concentrations in all four trace elements at 
110.5 m.  The low values characterize the regressive cycle of unit 5-7 (110.5 – 120.5 m).  
This cycle is a lowstand deposit during MIS 16 (Chapter 2).  Concentrations increase for 
the transgressive cycle of this unit, and continue an overall increasing trend to the base of 
the core, except for an excursion to lower concentrations of Fe and Mn at 140 m.  This 
change correlates to the boundary between units 5-7 and 5-8.  
3.3.7.2 Core 4  
Trace element concentrations are  lowest for the upper 39 m, except for Mn and 
Sr values at the current surface exposure (Figure 3.11).  Sr values are more variable 
within unit 4-1.  Fe concentrations remain below 1000 ppm up to 50 m.  From 40 m to 
64.50 m concentrations are slightly more variable.  Mg shows a significant increase in 
concentration for this interval from 40 – 60 m (11602 – 13083 ppm) that correlates with 
the presence of dolomite.  The highest concentrations are within unit 4-3 where the 
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dolomite percentage is highest (up to 61%).  There is also a small Mn increase associated 
with this interval.  Mg values decrease again to less than 8000 ppm from ~	60	m	to	the	base	of	the	core	(114	m).	From	~83	to	the	base	of	the	core,	concentrations	for	Fe	and	Mn	are	more	variable,	and	show	an	increasing	trend	for	Sr.		There	is	an	increase	in	Mg	and	Sr	at	59.0	m	that	correlates	to	the	boundary	between	units	4-4	and	4-5.				Fe,	Mn,	and	Sr	have	an	increase	in	concentrations	that	peaks	at	82.65	m.		This	increase	correlates	to	the	MFS	of	unit	4-6.		There	is	another	increase	at	the	MFS	of	unit	4-7.	
3.3.7.3 Core 3   
Trace element concentrations are different for all four elements in Core 3 (Figure 
3.5).  Mg values shows two general trends.  From the surface to ~	42	m,	Mg	concentrations	show	a	linear	trend	with	low	values	(1905	–	5967	ppm).		Mg	values	peak	between	~	42	–	45	m	(18376	ppm).		Concentrations	from	~	43	m	to	the	base	of	the	core	are	variable	and	show	and	overall	decreasing	trend.		Fe	concentrations	are	highly	variable.		The	concentration	of	Fe	peaks	at	the	surface	(655	ppm),	again	between	~	11	–	14	m	(722	ppm),	and	around	30	m	(1041	ppm).		From	30	to	48.50	m	Fe	has	a	decreasing	trend.			Fe	concentration	and	variability	increase	again	at	50	m	(1122	ppm)	with	an	increasing	trend	to	the	base	of	the	core.		Mn	concentrations	are	inverse	to	Fe.		Concentrations	increase	between	~12	to	20	m	and	similar	to	Mg,	from	~	43	to	50	m.		Sr	concentrations	are	less	variable	and	have	two	main	trends.		From	the	surface	to	a	depth	of	~	43	m	Sr	has	a	decreasing	trend,	except	for	peak	values	between	10	-	12	m	(2146	ppm).	From	43	m	to	the	base	of	the	core	Sr	values	have	an	increasing	trend.		
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There	is	an	increase	in	the	concentration	of	Fe	and	Mn	that	correlates	to	the	calcrete		(Chapter 2-Figure 2.9) at	the	boundary	between	units	3-1	and	3-2	at	12.5	m.		The	most	significant	change	in	trace	element	trends	occurs	at	~	43	m,	Mg	and	Mn	show	the	highest	values,	inversely,	Fe	and	Sr	have	the	lowest	concentrations.		This	change	in	trend	below	this	boundary	correlates	to	the	presence	of	dolomite	in	Core	3.	
3.3.7.4 Core 1   
Trace element concentrations for Core 1 are highly variable (Figure 3.6).  Mg is 
highly variable from the surface to 53 m (297 – 3746 ppm), and has a less variable 
increasing trend from 54 to the base of the core at 94 m (1616 – 2600 ppm).  Fe has a 
general linear trend with values below 1500 ppm form the surface to 78 m.  From 78 m to 
94 m, Fe values significantly increase (1680 – 2988 ppm).  The lowest concentrations are 
at the surface (330 – 419 ppm), and between 16 to 50 m (26 – 566 ppm), with the 
exception of higher concentrations at 30 m (1007 ppm).  Mn concentrations are the most 
variable and remain below 110 ppm.  It follows a linear trend with peak increases at 12 m 
(89.0 m), 45 m (109 ppm), and 55 m (86 ppm).  From 72 m to the base of the core, Mn 
has an increasing trend.  Sr has high concentrations at the surface and shows a decreasing 
trend up to 30 m (819 – 260 ppm). Between 31 m and 77 m (48 – 481 ppm) Sr is les 
variable and has the lowest concentrations.  From 78 m to the base of the core Sr changes 
to an increasing trend (371 – 879 ppm).   
Mg and Sr have a decrease in concentration that correlates with the boundary 
between units 1-1 and 1-2.  The boundary between unit 1-2 and 1-3 correlate to an 
increase in Mg, Mn, and Sr.  All four elements show lower concentrations at the 
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boundary between units 1-3 and 1-4.  A significant decrease in concentrations at 50 m, 
marks the lowest values for all elements, and occurs just below the boundary between 
units 1-4 and 1-5.  This is a major boundary in the core that marks an evolutionary 
change in the corals, and is attributed to the highstand of MIS 31 (Chapter 2).   The 
boundary between units 1-7 and 1-8, mark a change to increase element concentrations 
within unit 1-8.   
3.3.7.5 Core 2   
Concentrations of Mg and Fe have similar trends with decreasing values from the 
surface to ~ 14 m, low values between 14 – 24.50 m, and an increasing trend below 47 
m.  Mn values are low (<100 ppm), with a significant increase at 9 m to values up to 562 
ppm.  The lowest values correlate to the same interval for Fe and Mg (14 – 24.5 m).  Sr 
has an inverse trend to the other elements.  Concentrations are higher and more variable 
from the surface to 24.5 m (426 – 2240 ppm), with lower more similar values from 24.5 
m to the base of the core (384 – 702 ppm) (Figure 3.7). 
Mg and Sr are higher and more variable within unit 2-1.  The boundary between 
units 2-1 and 2-2 correlates to an increase in Fe and Mn (Figure 3.7), and the presence of 
a calcrete (Chapter 2-Figure 2.9).  Unit 2-3 is characterized by the lowest values of Mg, 
Fe and Mn, and high Sr concentrations.  The boundary at 24.5 m between units 2-3 and 2-
4, marks an increasing in values of Mg, and Mn, and a decrease in Sr values of the units 
2-4, 2-5 and 2-6.   
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3.3.7.6 Core 6   
Trace elements in Core 6 are highly variable and have two main trends (Figure 
3.8).   On average Mg, Fe, and Mn concentrations are lower from the surface to 39.0 m.  
Similar to Core 2, Sr shows an inverse relationship to Mg, Fe, and Mn, with higher 
concentrations from 0- 39 m.  Mg has an increasing trend from 40 m to the base of the 
core.  Fe and Mn both have a decreasing trend.  From 40 m to the base of the core Sr is 
variable but shows an overall linear trend.   
There is an increase in Fe concentration at the boundary between units 6-1 and 6-
2.  A decrease in Fe and a peak in Mg at 30.65 m correlates to the boundary between 
units 6-5 and 6-6.   A major change occurs at the boundary between units 6-6 and 6-7 at 
39 m; with increase Mg, Fe and Mn in unit 6-7.  Small changes in concentration occur at 
the deeper water (firmground) boundaries between units 6-9 to 6-13 (Figure 3.8).   
3.3.7.7 Core 7   
Similar to Core 6, Core 7 has two general trends (Figure 3.9).  From the surface to 
26.3 m trace element distribution is more variable.  Below concentrations up to the base 
of the core are generally lower, except for Mg, which shows a variable linear trend 
throughout the entire core.  A concentration change that correlate to unit boundaries 
occur between units 7-2 and 7-3, where Mg and Sr decrease and Fe and Mn increase.  At 
26.5 m there is an increase in Mn that correlates to the presence of a calcrete at the 
boundary between units 7-5 and 7-6 (Chapter 2-Figure 2.9).   
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3.4 Discussion 
The seven-core transect records the diagenetic impact of a prograding margin 
associated with sea-level fluctuations for the last ~	1.6	Ma.			The	older	(landward)	cores	range	in	age	from	~1.6	to	1.0	Ma	and	record	higher	frequency,	lower	amplitude	cyclicity	(see	discussion	in	Chapter	2).		The	seaward	(younger)	cores	have	experienced	exposure	and	flooding	associated	with	the	higher	amplitude	sea-level	cycles	of	the	last	~1.0	Ma.			The	continuous	transect	allows	us	to	assess	the	diagenetic	results	as	the	margin	progrades	and	gets	uplifted.		Repeated	exposure	to	meteoric	fluids	result	in	a	complex	diagenetic	signature,	where	discerning	between	different	diagenetic	events	become	challenging.	The	marginal	Cores	4	and	5,	show	clear	distinctions	between	diagenetic	signatures	from	the	marine,	mixing,	and	meteoric	environments,	and	present	a	window	into	the	diagenetic	evolution	as	the	margin	progrades	(Figure	3.12).		
3.4.1 Sequence boundaries and subaerial exposures   
A total of 35 sequence boundaries have been identified within the 7-core transect.  
Although not always present, calcretes, stable isotopic signatures and mineralogical 
changes were key to the identification of some of the sequence boundaries.   
Sequence boundaries in the DR core transect are represented by subaerial 
exposures in the landward side of the transect, and non-depositional and lithofacies 
changes in the marine side of the transect.   Subaerial exposures are often characterized 
by the formation of a calcrete surface or zone.  They form on the surface of bare 
carbonate rocks as either laminated or brecciated-type calcretes.  Other key subaerial 
exposure features are iron-staining, phosphatic (blackened) staining, root features, and 
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microkarst.  Of the thirty-five sequence boundaries in the transect only five boundaries 
have preserved a recognizable calcrete (excluding the current exposure at the top of the 
core) (Chapter 2-Figure 2.9).  In addition, very negative δ13C can aid in characterizing 
subaerial exposures (Swart, 2015).   
These isotopic relationships are easy to identify in the most recent subaerial 
exposures, but become more difficult to characterize in the older sections of core that 
have experienced multiple meteoric diagenetic overprints.  Only four of the identified 
calcretes also show more negative δ13C values.  In addition, although calcretes are not 
present, 10 additional boundaries correlate to negative δ13C excursions.   
Trace element changes have also shown correlation to boundaries in the Cores.  
Increase range in Fe and Mn concentrations can sometimes correlate to subaerial 
exposures (Figures 3.5 to 3.11) The increase in Fe can be associated to atmospheric dust 
deposition during exposure (Swart, 2015).   
As previously discussed in chapter 2 (Figure 2.19), key mineralogical boundaries 
correlate to established sequence boundaries in the youngest cores. These mineralogical 
changes are the result of different diagenetic histories within the core, and as such 
geochemical trends can further evidence these boundaries.  The presence of aragonite in 
the upper part of Cores 4 and 5 correlate to the uppermost unit 4-1 and 5-1.   The 
uppermost limit of dolomite in both cores occurs below the boundary between unit 2 and 
3 in both cores, and the boundary between unit 5 and 6 also correlates to the upper most 
limit of aragonite in the lower section of both cores. 
	 
120	
3.4.2 Distribution of Diagenetic Environments in the Fringing Margin Transect 
The seaward Cores 4 and 5 show a clear progression from marine to mixing-zone 
to meteoric diagenesis (Figure 3.12 and 3.17).   The vadose zone shows the highest 
variability in δ13C and δ18O, and no covariance (Figure 3.12).  The uppermost unit 
deposited during the last interglacial highstand (~125 kyr) still preserves original 
aragonite mineralogy with only partial stabilization to LMC.  There is still preservation of 
original marine cements and neomorphism of isopachous marine cements to bladded 
LMC.  Meniscus cements are also common, and micritic envelopes are preserved (Figure 
3.16). Micritic matrix is still more common than spar, and skeletal components show 
higher micritization than recrystallization.  Dissolution is more prominent with abundant 
moldic and vuggy porosity.  Although a vadose environment is still preserved, complete 
stabilization to LMC and more stable δ18O values from 30 to 50 m in Core 5 suggests 
more meteoric phreatic influence in this section.   
A more stable oxygen and carbon isotopic signal characterizes the meteoric 
phreatic zone.  Sr values are also lowest in both cores for this section.  There is only 
partial phreatic cementation for Cores 4 and 5.  Pore-occluding spar is more abundant 
increased pore-occluding spar as well as larger equant cements (Figure 3.16).  Skeletal 
components also show more abundant recrystallization.  Original mineralogy has been 
stabilized to LMC. The presence of dolomite in this section also suggests a super-
imposed mixing-zone.     
The mixing zone refers to the transition between marine and meteoric waters 
(Swart, 2015; Melim et al., 2004).  It is characterized by a strong linear co-variation 
between δ13C and δ18O (Allan and Matthews, 1982).  In Core 5 we have identified this 
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transitional zone between 75 to 88 m (Figure 3.2 and 3.12).  In Core 4 it lies between 59 
to 90 m (Figure 3.3 and 3.12).  This zone is also characterized by higher dissolution and 
moldic and vuggy porosity (see Chapter 4).   
Marine depositional and diagenetic isotopic values are present in the lower 76 m 
and 88 m of Cores 4 and 5, respectively.  Original high-Mg calcite and aragonite are 
present along with low-Mg calcite and dolomite.   Positive δ13C and δ18O values are 
consistent with modern marine values of 1 to 4‰ for shallow water carbonates (Swart, 
2015; Melim et al., 2002).  Below this marine boundary we see higher organic δ13C, and 
increase TOC (Figure 3.2 and 3.3). More positive δ 13C correlates with the presence of 
high-Mg calcite.  It has been documented that secondary high-Mg calcite cements have 
more positive δ13C  (Swart, 2015; Aissaoui, 1988; Grammer et al., 1993).  Trace element 
distributions also provide insight into the diagenetic processes through the core profile.   
For Cores 4 and 5, Sr shows a clear shift in concentration associated with marine versus 
meteoric processes.  Sr concentrations are higher in marine environments and 
significantly decrease when carbonates are altered by meteoric waters (Swart, 2015; 
Tucker and Wright, 1990).  Sr concentrations in Core 4 remain < 1300 ppm above the 
marine interval (80 m) and reach values up to 2800 ppm below (Figure 3.9).  Similarly in 
Core 5 Sr values remain below 1000 ppm to the depth of 88 m, below which they 
increase to between 1400 ppm to 2900 ppm (Figure 3.10).    
Thin-section observations also contribute to the evidence of marine diagenesis.  
Cement types are isopachous and pore-lining cements have elongated morphologies from 
fibrous to bladded (Figure 3.15A and B).  Cementation is less pervasive.  Skeletal 
components show good preservation to little micritization, with micritic envelopes 
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common.  Marine peloidal cements are also commonly seen within pores.  Other marine 
cements described include botryoidal (Figure 3.15C) and needle meshes inside pores 
(Figure 3.15A).  
SEM analysis showed evidence of celestite in coral voids (Figure 3.4), which 
forms as a result of burial/marine diagenesis (Baker and Bloomer, 1987), at depths in 
Cores 4 and 5 where trace elements also show an increase in Sr (Figure 3.10, 3.11, and 
3.14).  Celestite (SrSO4) is a common but relatively minor diagenetic component of many 
marine carbonate platform and reef sediments (Boyce et al., 1990).  The concentration of 
Sr2+ in the pore fluid increases until it reaches saturation with respect to the mineral 
celestite. Consequently celestite is frequently found coincident with the Sr2+ maximum in 
the pore water (Baker & Bloomer, 1987; Swart, 2015), suggesting direct precipitation 
from the pore fluids.  Celestite is an important mineral in diagenetic models because it 
provides a mechanism to calculate recrystallization of CaCO3 (Swart and Guzikowski, 
1988; Swart and Burns, 1990; Hoareau et al., 2010). 
Many mechanisms have been proposed for celestite formation (Scholle et al., 
1990, Swart, 2015), but its origin and distribution is still subject of investigation, not least 
because its relatively low solubility limits the transport of Sr2+ and SO4
2 to the site of 
precipitation in the same diagenetic fluid (Brookins, 1988). Fast accumulation rates like 
the ones experienced by the Pleistocene fringing reef deposits  of the Dominican 
Republic (Chapter 2 – Figure 2.11), result in increased burial and dissolution of Sr-rich 
aragonite and reprecipitation of Sr as Celestite from Sr-rich pore waters.  Almost all sites 
where celestite saturation is reached are characterized by similar lithologies, with  
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carbonate–rich (>80 wt.%) and organic matter poor (<1 wt.%) sediments (Hoareau et al., 
2010), typical of many periplatform sediments.  
The occurrence of celestite in Cores 4 and 5 occurs at depth in the cores that have 
experienced limited meteoric influence.   Nevertheless dissolution of primary aragonite 
and recrystallization especially of corals could have provided a source of Sr2+ to 
interstitial brines from carbonate recrystallization of metastable aragonite and high-Mg 
calcite (Baker et al., 1982; Baker, 1984). The presence of pyrite at the same depth of the 
cores may suggest an increase in SO42- supply in the pore-water, and a pH decrease with 
pyrite precipitation.  This pH decrease has been suggested to favor celestite precipitation 
(Taberner et al., 2002).  Bacteria sulfate reduction can be one of the mechanisms to 
promote a lowering of pH (Canfield & Raiswell, 1991), so releasing Sr2+ to pore-fluids 
and precipitating celestite from residual brines that are progressively depleted in SO42-  as 
bacterial activity progresses (Taberner et al., 2002). 
Meteoric phreatic diagenesis is the most ubiquitous for Core 3, 1, 2, 6 and 7 
(Figure 3.12, 3.13 and 3.16).   A mixing-zone diagenetic phase is not clearly defined in 
the cores, because meteoric phreatic diagenesis has likely overprinted the mixing-zone 
signal.  Sea-level cyclicity is responsible for moving the water table through the core 
profile, which makes this active cementation zone a large zone within the core profile.  
Plots of δ13C vs. δ18O, show two specific relationships associated with the meteoric 
vadose and meteoric phreatic signal less clearly defined in Cores 1, and 7.  The meteoric 
environment is characterized by the presence of more equant and blocky calcite (Figure 
3.16).  Higher dissolution than cementation is seen in thin-sections of the vadose zone, 
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where micritic envelopes are preserved and meniscus cements are common (Figure 3.16 
A and B).  Pore-lining equant cements are common in sections that have partial 
cementation. Complete phreatic cementation shows drusy mosaic and equant mosaic 
cements completely occluding interparticle and moldic porosity (Figure 3.16 C and D). 
The stable isotopic characteristics of Core 1 are highly variable, and could be the result of 
multiple overprinting of the meteoric signal. In the case of Core 7, a more covariant 
stable isotopic profile suggests a paleo-phreatic zone between 30 to 50 m.  This is similar 
to Core 6, where the paleo-phreatic zone starts at 33 m downcore.   In Core 2 the paleo-
phreatic zone is described below 20 m to the base of the core.  The meteoric 
vadose/phreatic boundary between 24 to 42 m marks the Fe and Mn increase is associated 
to more meteoric exposure, nevertheless no constant trend of increased Fe and Mn 
downcore is observed.  These cores are the same age and lie within the same elevation, 
and most likely experienced similar diagenetic histories.  The low amplitude sea-level 
cycles of the Early Pleistocene resulted in a water table commonly around the 20-30 m 
depth in the core, suggesting the upper section of these cores have experience longer 
exposure to the meteoric vadose environment.   Sections of core that show a larger range 
of Fe and Mn concentrations could be associated with longer exposure to meteoric waters 
(fresh-water lens).  The concentration of Sr shows a decreasing trend downcore in all 
cores except 5 and 4, associated to increased meteoric influence.   
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Figure 3.14: Principal component analysis plots of normalized trace elements 
and δ13C and δ18O data.   (Upper) Each point represents a sample from the core 
that has been assigned a diagenetic environment from meteoric vadose, meteoric 
phreatic, mixing, and marine phreatic zone.  Samples with dolomite are 
represented by the triangles.  Percent covariance for Component 1 is 46.9%. 
Percent covariance for component 2 is 19.6%. (Lower) Each point represents a 
sample color-coded by Cores 1-7.  The percent variance for Component 1 is 
47.3%.  The percent covariance for component 2 is 20.3%.  
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Figure 3.15: Photomicrographs of marine cements from Core 5.  (A) Fibrous to 
bladded isopachous cements and a second generation of interparticle pore-infilling equant 
cement.  Needle-meshes (Nd) show as yellow cements (polarized light) inside moldic 
pore (B) Dogtooth (D) isopachous cements, (C) Botryoidal cements (Bo) filing in voids, 
(D) fringing fibrous (Fb) cements around benthic foraminifera, (D) peloidal (P) cements 
filling porosity, (F) matrix neomorphosed to spar (Mx.S) (granular). 
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Figure 3.16: Photomicrographs from the meteoric vadose (A and B) and meteoric 
phreatic (C and D) environments.  (A) Dissolution of skeletal component and 
preserved micritic envelopes (ME) and moldic pores being infilled with equant cements.  
(B) Meniscus spar blocking interparticle porosity.  (C) Partial phreatic cementation of 
equant pore-lining cements.  (D) Complete phreatic cementation where porosity has been 
occluded by equant and blocky cements. 
 
3.4.3 Diagenesis during Lowstand events  
Diagenesis during sea-level lowstand events still remains a question of 
uncertainty.  Melim et al. (1996) proposed that the majority of the phreatic diagenesis 
occurs during glacio-eustatic highstand and not lowstands.   Evidence from the Bahamas 
and Florida suggest inert meteoric phreatic waters during lowstand events.  A thicker 
vadose zone results in an inert phreatic lens due to (1) super-saturation of the meteoric 
water, and (2) no soil derived organic matter source to drive meteoric diagenesis.  
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Nevertheless, Whitaker et al. (2006) evidence the presence of an active phreatic lens 
capable of dissolution, below thick vadose zones (60-180 m).  Their model, using 
hydrochemical data from groundwater from the uplifted carbonate platform of Guam, is 
based on highly porous karstified vadose zone were fast flow still delivers under-
saturated waters and organic matter to the deep phreatic lens. 
Cores 4 and 5 provide another opportunity to further evaluate the effects of large-
scale sea-level falls on diagenesis.   These seaward cores have similar diagenetic features 
to those described by Melim et al. (2002, 2004). The lower sections of these cores do not 
evidence exposure	to	meteoric	influence.		Melim	et	al.	(1996)	defines	the	base	of	meteoric	diagenesis	as	the	deepest	point	with	δ13C values < 0‰. In Cores 4 and 5 
these depths are 77 m and 88 m respectively (Figure 3.2, 3.3, and 3.12).   These depths 
are <120 m drop in sea-level during the last glacial, nevertheless, the cores geochemical 
characterization defines a marine-burial signal.  As a result, our study seems to suggest 
inert meteoric phreatic diagenesis during lowstand events.  Although karstic features are 
abundant in the upper ~	40 to 50 m of the cores, indication of subaerial exposure suggest 
the presence of karstic features declines below ~50 m for Cores 4 and 5.  Under these 
assumptions Whitaker et al. (2006) conditions for rapid infiltration and corrosive 
meteoric phreatic waters might not apply to this setting.  
 Currently, the upper 10 to 15 m of these two cores have remained within the 
vadose zone, since their exposure after the last interglacial, and a thinner phreatic lens at 
the margin promotes preservation of the marine diagenesis in the deeper sections of the 
cores. However, the preservation of these cores is dependent on the location of the 
margin.  The meteoric diagenetic potential of these cores will continue to increase as the 
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margin progrades and these cores are uplifted. Uplift will aid in the preservation of the 
vadose signal at the top of the cores as is appreciated in the older cores.  Nevertheless, the 
advancement of this diagenetic front (and exposure to more meteoric fluids) will 
overprint the current marine signature similar to Cores 1-3, 6 and 7. 
3.4.5 Dolomite 
Dolomitic intervals are found in Cores 3, 4, and 5 at depths below 43 m, 38 m and 
50 m, respectively (Figure 2.18 and 3.16).   The dolomite appears as micron-sized rhomb 
cement that filled pores, replaced cement, and as primary cements that encrust grains. 
The trace element distribution shows an increase in Mg concentration associated with the 
presence of dolomite, which is higher in the uppermost sections of Cores 3, 4, and 5 -
(Figure 3.14).  Previous 87Sr/86Sr analysis of the dolomite in Cores 3 and 4 by Hernawati 
(2011) provided values of 0.70912−0.70915.  The wide range of isotopic values suggests 
ages for timing of dolomitization falls between 0.5 to 0.8 Ma (MIS 13 to 19), and/or < 0.5 
Ma (MIS 13 to present).  The large standard deviation (stdv) in 87Sr/86Sr in the dolomite 
samples dated by Hernawati (2011) reflects the uncertainties in Sr dating in material 
younger than 1.0 Ma due to the short mixing time of the oceans with respect to sources of 
87Sr/86Sr from enriched continental crust and depleted mantle.  New age constraints now 
place the top depth of dolomite in cores 4 and 5 within the MIS 9 lithostratigraphic cycle 
boundary (Chapter 2 – Figure 2.19).   This has constrained the timing of dolomitization to 
< 300 ka, and suggest that samples with Sr values closer to .70915, have more accurate 
ages. 
Hernawati (2011) concluded that the dolomites where formed by mixing-zone 
induced seawater circulation driven by an overlying freshwater lens during subaerial 
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exposure, similar to the mechanism suggested by Vahrenkamp and Swart (1994) for the 
Plio-Pleistocene dolomites of the Bahamas.  The flow system necessary for distribution 
of Mg-rich seawater  suggest dolomitization is syndepositional during the early stages of 
sea-level fall or shortly before renewed floding of the platform (Vahrenkamp and Swart 
1994) and occurred prior to the flooding of MIS 7, as suggested by the location of the 
uppermost limit of dolomite right below the lower boundary of MIS 7 (Figure 3.2 and 
3.3).    
The dolomites in Core 3 occur in units pre MIS 11.  The upper boundaries of 
dolomite within the Cores 3, 4, and 5 follow topography and could be related to the 
location of sea-level prior to the flooding of MIS 7.  The amount of dolomite present is 
more abundant within Core 3 and decreases seaward to Cores 4 and 5. This difference 
could also be a result of differences in permeability between Cores 4 and 5 and Core 3.  
Siliciclastic mud is present in the lower sections of cores 4 and 5 (Figure 3.2 and 3.3). A 
lower permeability would result in less pore-water interaction and diffusion of  Mg+2  
reprecipitated  as dolomite.  Nevertheless, the differences between Core 3 and Cores 4 
and 5, could be indicative of two dolomitizaton events, and as Hernawati (2011) 
suggested, age of formation of the older dolomites could be within MIS 13 to MIS 19.  
Further analysis of the dolomites in the younger cores and more accurate dating could 
help elucidate the dolomitization history. 
The lack of dolomite in the older cores is still a subject of discussion.  We 
consider that the  higher amplitude sea-level lowstands for the last ~	800	ka,	most	likely	played	a	role	in	creating	the	appropriate	conditions	for	dolomitization	in	the	younger	cores.			The	more	seaward	location	of	the	margin	with	sea-level	fall	could	
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have	resulted	in	the	more	landward	uplifted	cores	(lower	water	table,	and	thicker	phreatic	lens)	not	being	exposed	to	the	marine	(mixing-salinity)	conditions	necessary	for	dolomitization.		 
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Chapter 4 
The Influence of Depositional and Diagenetic Heterogeneities on Fluid 
Flow within of a Fringing Reef Margin 
 
4.1 Background 
Predicting how fluids will flow in carbonate rocks is of critical importance for 
several reasons: appraising and developing petroleum reservoirs; assessing groundwater 
recharge and withdrawal; for influencing salt-water intrusion; and designing groundwater 
contaminant monitoring and remediation systems.  However, prediction of flow in both 
carbonate aquifers and hydrocarbon reservoirs can be extremely challenging due to the 
complex porosity and permeability distribution dependent on both primary matrix 
porosity related to depositional facies and secondary porosity resulting from diagenetic 
alteration and fracturing (Murray, 1960; Choquette and Pray, 1970; Bathurst, 1975; 
Moore, 2001; Cunningham et al., 2006, 2009; Ahr, 2008).  Early diagenetic modifications 
can have a long-lived affect on both porosity enhancement and occlusion (Hanshaw et al., 
1971).  Carbonate porosity can be composed of matrix, fracture, and vug systems, with 
carbonate reservoirs and aquifers often characterized by more than one of these types.  
Some of these porosity types include; “matrix-vug dual porosity reservoirs” (Lucia, 1999; 
Jia et al. 2013; El-Husseiny and Vanorio, 2017), “matrix–fracture dual porosity 
reservoirs” (Warren and Root, 1963; Al-Ghamdi and Ershaghi, 1996), or even “matrix–
fracture–vug triple porosity reservoirs” (Quinlan et al., 1996; Liu et al., 2003; Camacho-
Velázquez et al., 2006).
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 Empirical data on porosity and permeability attributes and distribution often come 
from small diameter (2.54 cm) petrophysical plug samples and associated thin-sections.  
This combination attempts to characterize a relation between the petrologic properties of 
the plug and controlling depositional or diagenetic heterogeneities.  However, while thin-
section and plug analysis gives valuable information on properties of homogeneous 
matrix (Ehrenburg, 2007) and microporous rocks, studies at these laboratory scales often 
do not accurately capture macro-scale porosity or variability associated with highly 
heterogeneous, vuggy, or fractured carbonates (Whitaker and Smart, 2000; Worthington 
et al., 2000).  Standard petrophysical laboratory instruments used to measure intrinsic 
permeability have maximum capabilities up to 3 x 104 mD.  Intrinsic permeability of 
vuggy carbonates can be three to six orders-of-magnitude higher (Sukop et al., 2013). 
 Given these scale limitations, there is an increasing need to validate laboratory 
datasets and associated computer models with the acquisition of more outcrop and 
subsurface empirical data that accurately characterizes the complex porosity and 
permeability distribution in carbonates (Agar and Hampson, 2014).  Laboratory 
measurements of permeability (from the matrix) in vuggy rocks are usually not indicative 
of field-scale fluid flow (Dagan, 1986; Whitaker and Smart, 2000; Nair et al., 2008).  One 
field method, in situ straddle-packer tests, allow for the acquisition of quantitative flow 
data in discrete sections adjacent to the borehole (Price et al., 1977).  Vertical profiles of 
hydraulic conductivity, obtained from short-interval packer tests, can provide estimates 
for zones of both low and high hydraulic conductivity (Bliss and Rushton, 1984).  These 
packer tests can provide a range of measurements consistent with studies that have shown 
hydraulic conductivity ranges up to six orders-of-magnitude in carbonates (Whitaker et 
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al., 1999; Worthington, 1999; Muldoon, 1999; Muldoon et al., 1999; Whitaker and 
Smart, 2000; Worthington et al., 2000; Muldoon et al., 2001).  Integrated with 
depositional lithofacies and diagenetic studies, these in situ data provide a basis for 
assessing factors that control the distribution of permeability laterally and with depth.  
Comparison of field measurements with laboratory analyses that evaluated hydraulic 
conductivity in relation to stratigraphic framework has proved quite useful (Shulze-
Makush and Cherkauer, 1998; Nair et al. 2008).    
In this study, permeability values are calculated from in situ constant head injection tests 
in uplifted Pleistocene shallow-water fringing reef deposits in the southern Dominican 
Republic (DR).  These field measurements provide a baseline dataset and some insight on 
the controlling factors of field-scale heterogeneities in fluid flow of vuggy carbonates.  
Previous work on vuggy carbonates has focused on permeability within a single 
depositional facies or diagenetic zone (Matthews, 1968; Matthews, 1974; Enos and 
Swatsky, 1981; Cunningham et al., 2004; Zhang et al., 2005; Nair et al., 2008).  The 
hydraulic conductivity data (and conversion to permeability) from this study are from 
three main depositional environments (backreef, reef crest, and reef front) that have 
undergone different succession of meteoric diagenesis based on their age (Chapter 3).  
Core 1 deposits are ~500 to 400 ka (MIS 13 to 11), Core 4 deposits are ~200 to 120 ka 
(MIS 9/7 to 5e), and Core 5 deposits are ~120 ka (MIS 5e).   
For this study, the in situ permeability values are interpreted within the context of 
an integrated depositional (Chapter 2) and diagenetic framework (Chapter 3) from the 
rock cores of the measured borehole.  We integrate fluid injection data with plug 
measurements of porosity and permeability and whole-core measurements of porosity 
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derived from bulk-density measurements of the core.  These integrated data help 
delineate the influence of vuggy porosity and flow heterogeneities.  Results from this 
study address the concept promoted by Whitaker and Smart (2000) that progressive 
diagenesis leads to an increase in scale dependence of hydraulic conductivity.  
4.1.1  Borehole Transect, Porosity, and Experiment Rationale 
Between 2010 and 2013 a ~5 km transect of seven boreholes were drilled across 
the reefal terraces east of Santo Domingo,  ~6 km east of the town of Boca Chica (Figure 
4.1).  From the seven boreholes, three were selected to perform straddle-packer injection 
tests based on their age and depositional lithofacies (i.e. texture) (Figure 4.1).  Local 
quarry outcrops also help define two-dimensional geometries along the cored transect.  
Radiometric age constraints place these deposits within the middle to late Pleistocene 
(Chapter 2).  Core description, geochemical (stable isotopes, trace elements, mineralogy), 
and petrographic characterization of rocks from these boreholes clearly show that they 
have experienced different diagenetic histories within the meteoric phreatic and meteoric 
vadose zone (Chapter 3).  
The DR reefal carbonates are dominated by megapores (4-32 mm, Choquette and 
Pray, 1970) in the form of moldic to vuggy pores.  The molds are produced by the partial 
to complete dissolution of corals, especially aragonitic branching corals.  The vugs are 
likely associated with the large moldic coral pores and dissolution of zones of metastable 
aragonite.  The vug connectivity likely dominates flow rather than other types of smaller-
scale porosity present such as shelter, interparticle, and intraparticle (Choquette and Pray, 
1970; Lucia et al., 1987).  The definition of a vug is poorly defined and variable.  
Choquette and Pray (1970) define a vug as a small irregular hole produced by carbonate 
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dissolution that cuts across original rock fabric, and this definition has been repeated in 
many subsequent texts (e.g., Moore, 2001; James and Jones, 2016).  Typically the term is 
applied to pores that are visible with the human eye, but size is not a criterion as 
originally defined by Choquette and Pray (1970).  Vugs are furthered differentiated 
between separate vugs and touching vugs.  Separate vugs are connected only through the 
interparticle porosity whereas touching vugs alone form an interconnected pore system 
(Lucia, 1999).  In the case of touching vugs, these can form from dissolution enhanced 
fractures, existing vugs, or micro-fractures.  Understanding the spatial distribution and 
connectivity of large vugs (centimeter scale) can be complicated, but is essential in 
determining if flow is controlled by a system of touching vugs or by the pore space in the 
matrix (Nair et al., 2008).  In this paper, we use the term vug to represent both visible 
fabric-selective molds mainly from corals and larger (visible) non-fabric selective 
dissolution pores. 
4.2 Methodology 
4.2.1  Short-Interval Packer Tests 
Hydraulic conductivity values were calculated from data collected by short-
interval packer injection tests in three boreholes (Figure 4.1).  The packer injection tests 
provided fluid (fresh water) infiltration rate data and were used to calculate hydraulic 
conductivity.  The straddle-packer tool consisted of a lower and upper inflatable packer to 
isolate a discrete interval in the borehole.  The water was injected with a perforated 
outflow pipe of 0.9 m in length located between the two inflatable packers (Figure 4.2).    
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Figure 4.1: Location of boreholes in terraces of Pleistocene fringing reef deposits in 
the southern Dominican Republic, Hispaniola (A).  (B) Digital elevation model 
(DEM) image shows seven boreholes drilled perpendicular to the coast through four main 
terraces with elevations ranging from 6 m to 50 m above sea level.  The red dots are the 
boreholes were the injection tests were performed. (C) Geologic cross-section schematic 
(Chapter 2) showing location and depth of boreholes (1,4,5) used for constant head 
injection tests (heavy black lines).  Green represent reef front deposits, yellow represents 
reef crest deposits, and blue represent back reef deposits. 
 
The injection test maintains a water level with a constant head elevation above the 
land surface and supplies water downhole through a PVC standpipe (5 cm diameter).  
The standpipe is added in intervals of 1-m after each test (Figure 4.2).  The amount of 
water flowing into the formation (rate) is recorded after the infiltration rate has stabilized.  
The high water intake of these porous carbonates allows for fast equilibration of the 
injection flow  (usually 3-6 minutes).  Testing was performed in both saturated and 
unsaturated zones.  Progressive downward injection measurements were used to create 
the vertical hydraulic conductivity profile.   
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Use of inflatable straddle packers have several implied conditions for the 
acquisition of accurate and reliable data (Bliss and Rushton, 1984), including: (1) that 
there is no leakage of the packer along the borehole annulus when the packers are 
inflated; (2) the injection head-to-flow ratio has remained constant; and (3) that the 
injected water moves mostly lateral along stratigraphic horizons with minimal loss 
occurring outside the isolated interval being tested.   We are confident in the seal created 
by the inflated packers.  With respect to the first assumption, the packer supported its 
own weight and the weight of the attached standpipe and water, which should be 
sufficient to force the inflated rubber packer tightly against the borehole wall and create a 
very tight connection to the rock.  Both pre-injection inflation and post-injection deflation 
of one packer balloon consistently showed that this single inflated packer was able to 
support the weight of the packer and pipe and was thus well sealed to the borehole wall 
and the likelihood of leakage around the seal was very small.  This procedure was 
repeated as an internal test to confirm inflation and seal integrity.  With respect to the 
constancy of the injection head-to-flow ratio, the construction of the supply cistern 
insures that constant head was maintained in the supply cistern (Figure 2) during every 
test.   Water was constantly added to the cistern to insure that the head did not fall, and 
the he overflow diverter insured that the head never rose as more water was added to the 
cistern.  The head in the supply cistern thus maintained a constant level of the injection 
source.   
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Figure 4.2: (A)	Schematic	
diagram	of	constant-head	
injection	test	setup.		A test 
spacing of 1-m is maintained 
by adding pipe at 1-m 
intervals to the PVC 
standpipe.  A water truck 
supplies water to maintain a 
constant head in the supply 
cistern.  Excess water is 
diverted to an overflow 
cistern.  (B) Photograph of 
the un-inflated packer.  The 
inflatable black rubber can 
be seen at the top and bottom 
of the packer.  The 
perforated PVC pipe lies 
between the two inflatable 
sections.  (C) Photograph of 
the supply and overflow 
cisterns.  The supply 
manifold and top of the 
standpipe (gray PVC pipe) 
are shown inserted in the 
borehole of Core 4. 
The nature of the stratigraphic control on the path of the injected fluids is based 
largely on our observations from core and in local quarry wall outcrops.  The porosity in 
these reefal carbonates has distinct stratigraphic controls given the fact that the vugs 
largely follow the depositional texture.  The coral-rich intervals are interpreted as coral 
floatstone to boundstone (framework) mostly sub-meter in thickness based on the 
abundance of mostly branching corals (Acropora palmata, Porites porites, Acropora 
cervicornis) that have been dissolved.  For vug-dominated test intervals, the bulk of the 
flow is carried through the vugs.  As a result, the actual conductivity of these zones will 
be underestimated by this method.  Thus, the assumption in number (3) above is believed 
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to be generally true in that bed-scale stratigraphy constrains most of the injected fluid to 
the injection interval. 
The borehole geometry and packer assembly allowed for the use of the simplified 
version of the Hvorslev (1951) equation for analyzing steady state, constant-head 
injection tests applicable when the length of the open interval is more than eight times the 
radius of the borehole:  
  𝐾 = !"# !!!"!"        (4) 
 
Where K is hydraulic conductivity (cm/sec), r is the radius of the well (9.6 centimeters), 
L is the length of the test interval (125 centimeters), H is the injection head (meters), and 
Q is injection rate (cm3/minute).  Detailed description of the constant-head injection test 
procedure is provided in Harlow and Lecain (1993). 
Multiple measures of K from the same interval were averaged over the length of 
the test interval (here 1.25 m).  Calculated values of hydraulic conductivity (cm/s) were 
converted to permeability (m2) using the relation k = K (µ/ρg) where k is the permeability 
(m2), K is the hydraulic conductivity (m/s), µ is the dynamic viscosity of the fluid 
(0.00404 g/cm*s), ρ is the density of the fluid (0.975 kg/m3) and g is the acceleration due 
to gravity (m/s2).  The permeability values (m2) were converted to millidarcy (mD) or 
Darcy (D) units (1 md =10-15 m2). 
4.2.2  Core Analysis 
Stratigraphy, depositional features, and diagenetic attributes were previously 
established for the different stratigraphic horizons where in situ straddle-packer injection 
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tests were performed.  Description of textural-based depositional facies is based on the 
carbonate classifications of Dunham (1962) and the modifications of Embry and Klovan 
(1971).  Thin-section petrography employed a Leica DM750P petrographic microscope 
to qualitatively determine the following: carbonate rock textures (Dunham, 1962 and 
Embry and Klovan, 1971), pore types (Choquette and Pray, 1970), and diagenetic 
features such as cementation, micritization, dissolution, and recrystallization.  The 
samples were impregnated with blue epoxy to distinguish larger (cm) pores.  Paleo-
diagenetic zones were established with integrated stable-isotope stratigraphy, trace 
element distribution, and petrographic descriptions (Hernawati, 2011; Chapter 3).  The 
interpretation of paleo-diagenetic zones was based largely on the stable-isotope scheme 
of Allan and Matthews (1982).  
Whole-core porosity estimates were calculated using the bulk density of thirty-
nine individual core pieces.  Bulk density (g/cm3) was calculated for the cores by 
measuring the depth, length, width, and radius of each core piece to determine volume of 
the piece.  The piece was then weighed and a bulk density was calculated by dividing the 
weight by the volume.  Percent porosity was determined by dividing a calculated bulk 
density based on the relative percentages of carbonate minerals (aragonite and low-Mg 
calcite), determined through X-ray diffraction, by the measured bulk density.  The 
mineral percentages were determined using a peak area ratio calibrated to standard 
mixtures of aragonite and calcite (Swart et al., 2000).  The length of the core pieces 
mostly ranged from 5 to 40 cm.  The core diameter was 6.35 cm for HQ core and 4.90 cm 
for NQ core.  
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Plug porosity and permeability were measured for eighteen vertical and thirty-one 
horizontally orientated plugs (2.54 cm diameter) collected from the cores with a water-
cooled diamond drill bit.  The plug-based dataset is a combination of data from Ditya 
(2012) and new data collected for this study.  Sample length and diameter of the plugs 
were measured using a digital caliper to within 0.01 mm precision.  These parameters 
were measured at three different locations on the plug to reduce any error caused by 
imperfections in plug shape.  The average of the three measurements was then used for 
the bulk sample volume calculation.  The grain volume was measured using Micromeritic 
Accupyc 1330 helium pycnometer, with a standard error of 1%.  Error in the porosity 
measurements can be attributed to variation in the length measurements (± 0.01 mm) and 
the standard deviation of the pycnometer (± 0.04 cm3).  Porosity was calculated for the 
samples using the formula: 
 𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 (%)  = 𝐵𝑢𝑙𝑘 𝑆𝑎𝑚𝑝𝑙𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 −  !"#$% !"#$%&!"#$ !"#$%& !"#$%& ∗ 100    (5) 
 
Plug permeability measurements were performed by TerraTek-Schlumberger 
(Salt Lake City, Utah) using the Klinkenberg - corrected air permeability method 
(Klinkenberg, 1941).  Samples with permeability values above 30 D might include a 
higher analytical error than those below 30 D (Sukop et al., 2013). 
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4.3 Results 
4.3.1  Core 1 
Core 1 is located approximately 1.9 km inland from the coast and lies on the inner 
flat of the 30 m terrace at an elevation of 30 m (Figure 4.1C).  A total of fourteen 
injection tests, ranging in depth from 2.3 m to 14.4 m, were performed within two 
depositional units.  The lower depositional unit (14.2–5.0 m) is characterized by two 
distinct lithologies and depositional environment; the reef front (14.2-9.5 m) and back 
reef (9.5-5.0 m).    The basal part is a reef-front branching-coral floatstone.   The upper 
part is also a branching-coral floatstone but with a significantly muddier matrix and is 
interpreted as a back reef deposit.  The upper depositional unit (5.0-0.0 m) is 
characterized by three distinct lithologies all deposited within a back-reef setting (Figure 
4.3).  The lower two lithologic units, tested in this study, consist of a benthic foraminifera 
grainstone and a skeletal packstone.   
4.3.1.1 Core 1 - Facies and Porosity 
Reef Front (14.2-9.5 m) - The reef front deposits of the lower depositional unit are 
a branching-coral boundstone and floatstone (Acropora cervicornis) with a homogeneous 
wackestone matrix (Figures 3 and 4D).  Preservation of grains is poor, except for 
echinoids and some mollusk fragments.  Whole-core porosities range between 34.4% and 
45.4%, and plug porosities range from 23.2% to 25.4%.  Small (µm-mm) interparticle 
and moldic pores are volumetrically abundant (matrix porosity), with larger-scale 
porosity (>2 cm) that consists of pores from dissolved branches of the dominant reef 
coral Acropora cervicornis.  These are usually simple rounded and elongated pores 
(Figures 4.4A and 4.4D).  Although this section lies within a phreatic-dominated paleo-
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diagenetic zone cementation is minimal, likely due to the high amount of lime mud in the 
matrix.  Cementation is limited to mostly isolated calcite spar in larger intraparticle pores 
and small vugs. 
 
 
Figure 4.3: Interpreted depositional environments, interpreted paleo-meteoric 
diagenetic zone, modern diagenetic zone, mineralogy, lithofacies, porosity and 
permeability results from Core 1.  Subaerial exposure (SE and horizontal red line) 
separates a lower and upper unit.  The difference between the percent porosity from plugs 
(light green line) and core (dark green line) indicates the amount of vuggy porosity 
(shaded) with depth.  Core porosity is calculated from the core bulk density.  A higher 
interval permeability correlates to zones of higher vuggy porosity.  Letters A - H refer to 
photographs in Figure 4.4. 
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Figure 4.4: Photographs of Core 1 that show zones of low (A-B) and high (C-D) 
permeability.  Location of each image (A-H) is enumerated in Figure 4.3.  (A) Skeletal 
wackestone to packestone; (B) Skeletal grainstone; (C) Coral boundstone with vugs from 
dissolved corals in a mudstone matrix; (D) Coral boundstone with coral vuggy porosity in 
wackestone matrix.  Composite images of whole thin sections (rock dimensions are all 
6.5 cm by 4.5 cm) scans under cross-polarized light that show characteristic diagenetic 
textures: (E) Growth framework porosity with branching corals in a wackestone matrix;  
(F) Skeletal grainstone with interparticle porosity, some moldic porosity, and micritic 
envelopes; (G) Vugs near subaerial exposure (5.3 m); and (H) Bimodal moldic and vuggy 
porosity typical of the reef front. 
 
 
Back Reef (9.5-5.0 m) - The backreef unit within the lower depositional unit is a 
branching coral (A. cervicornis) boundstone and coral floatstone with a muddy skeletal 
wackestone matrix.  Skeletal grains are few, dominated by partially dissolved red algae.  
Mollusk fragments and echinoids show the best preservation.  Microporosity and moldic 
porosity from dissolved coralline red algae dominate with values ranging from 28.9% to 
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37.4% for the whole-core and 20.5% to 33.6% for the plugs.  Some framework porosity 
is associated with partially dissolved and recrystallized corals.  Samples collected close to 
the upper boundary (5.3 m) display larger (>1.5 cm) vugs from enhanced dissolution in a 
wackestone matrix (Figure 4.4B). 
Back Reef (5.0-0 m) - The uppermost unit shows a lithologic progression from red 
algae and benthic foraminifera laminated grainstone at the base (5.0-3.5 m), to skeletal 
dominated packstone (3.5-1.3 m), to a cap of well-cemented packstone with subaerial 
exposure features (1.3-0 m).  The basal grainstone facies contains both moldic and 
interparticle porosity.  Skeletal dissolution is prevalent, with preservation of micritic 
envelopes (Figure 4.4C).  Whole-core and plug porosity estimates for the grainstone 
ranged between 35.9% to 36.2% and 33.0% to 37.4%, respectively.  In addition to 
prevalent isopachous cements, granular and drusy cements fill some smaller pores.   In 
comparison, the overlying packstone displayed increased moldic porosity.  Whole-core 
and plug porosity estimates for this facies ranged between 33.8% to 34.7% and 31.9% to 
33.7%, respectively.  
4.3.1.2 Core 1 - Plug and Interval Permeability 
Permeability values measured on nine plug samples from the packer interval in 
Core 1 range between 0.00014 D to 0.3164 D (Figure 4.3).  Plug permeability shows a 
generalized trend of increasing values up core.  Permeability values based on in situ 
injection tests, hereafter referred to as "interval permeabilities" range from 4.8-19.0 D, 
with three distinct trends.  Permeability values are highest in the lowermost unit (base at 
14.2 m) up to 7.8 m, ranging from 13.2-19.0 D.  Above, permeability values decrease to a 
minimum value of 4.8 D at the 5.0 m (exposure) boundary.  Above this boundary, 
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permeability values in the backreef facies range from 5.5 to 7.7 D, with values showing a 
slightly upward increasing trend. 
4.3.2  Core 4  
Core 4 is located 575 m inland from the present day coastline at an elevation of 13 
m.  A total of twenty-one injection tests were performed in the upper 20.4 m of the core, 
and the test interval spanned two depositional units (Figure 4.5).  The lower unit (20.4–
14.5 m) consists of Acropora cervicornis branching coral floatstone-boundstone deposits 
within the reef front environment.  The upper unit (14.5–0.0 m) is a shallowing-upward 
succession of reef front branching coral facies to massive and branching corals of the 
outer backreef depositional environment (Figure 4.5). 
4.3.2.1 Core 4 - Facies and Porosity 
Reef Front (20.4-14.5 m) - The lower unit of Core 4 can be characterized as a 
branching coral boundstone and floatstone in a skeletal wackestone to packstone matrix.  
Moldic porosity is abundant as skeletal components show various degrees of 
preservation, replacement, and leaching.  Whole-core porosity estimates range between 
15.4% and 33.2% with plug estimates ranging between 15.0% and 23.5%.  Cementation 
in the matrix is mainly anhedral equant calcite spar crystals.  The subaerial exposure 
calcrete forms the upper boundary of the reef front unit at 14.5 m. 
Reef Front (14.5–8.0 m) – The basal portion of the upper sequence in Core 4 is 
characterized by a branching coral boundstone and floatstone in a skeletal wackestone to 
packstone matrix.  Porosity is high and consists of separate moldic pores.  Whole-core 
porosity estimates range between 26.5% and 40.7%, and plug values range between 
24.0% and 39.8%.  Larger (>2 cm) vuggy porosity associated with dissolved branching 
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corals, are more abundant in the upper part of reef front unit.  These corals are completely 
dissolved but often preserve a rind of encrusting coralline red algae. 
Backreef (8.0–0.0 m) – The top portion of the upper unit is a massive and 
branching coral boundstone and floatstone in a skeletal packestone matrix.  The upper 3 
m is a mud-rich packstone, dominated by more massive corals.  Overall, this unit displays 
enhanced dissolution and some recrystallization of both matrix and skeletal components, 
mainly Halimeda grains (Figure 4.6A).  The dominant coral porosity is intraframe type.  
Whole-core porosity values range between 35.0% and 51.2% and plug porosity ranges 
between 32.0% and 40.0%.  At ~3.5-5 m there is a distinct preservation change, with 
more pervasive dissolution of aragonitic macro- and micro-fauna and mineralogical 
stabilization to low-magnesium calcite below this interval. 
4.3.2.2. Core 4 - Plug and Interval Permeability 
Plug permeability values from Core 4 range between 5.64 x 10-2 to 1.7 x 103 mD.  
Plug permeability in the lower reef front deposits is highly variable compared to the 
upper unit that displays much more consistent values (Figure 4.5).  The highest core 
porosity value is associated with extensive dissolution around the subaerial exposure 
surface at 14.5 m.  Permeability based on in situ injection tests ranged from 6.9–24.7 D.  
Values show an overall increasing trend up-section, with the lowermost reef-front deposit 
having the lowest values (~8-9 D) (Figure 4.5).  Interval permeabilities increase markedly 
above the exposure boundary at 14.5 m.  The highest permeability is within the backreef 
lithofacies.  Contrary to plug permeability that was more variable in the lower unit, 
interval permeability is more variable in the upper part of the borehole. 
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Figure 4.5: Interpreted depositional environments, interpreted paleo-meteoric 
diagenetic zone, modern diagenetic zone, mineralogy, lithofacies, porosity, and 
permeability results from Core 4.  Subaerial exposure (SE and horizontal red line) 
separates a lower and upper unit.  The difference between the percent porosity from plugs 
(light green line) and core (dark green line) indicates the amount of vuggy porosity 
(shaded) with depth.  Core porosity is calculated from the core bulk density.  Letters A - 
H refer to photographs in Figure 4.6.  Key to symbols in stratigraphy column is shown in 
Figure 4.3. 
 
4.3.3  Core 5  
Core 5 is located 45 m inland from the present day coastline at an elevation of 8 
m.  A total of twelve injection tests, ranging in depth from 2.1 m to 12.3 m, were 
performed within a single depositional unit, a shallow reef crest environment 
characterized by the presence of a massive corals and Acropora palmata framestone-
boundstone and coral floatstone (Figure 4.7). 
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Figure 4.6: Photographs of Core 4 (A-D) that show zones of high and low (E-H) 
permeability.  Location of each image (A-H) is enumerated in Figure 4.5.  Core image C 
shows part of the calcrete (C) recovered at 14.5 m.  Composite images of whole thin 
sections (rock dimensions are all 6.5 cm by 4.5 cm) scans under cross-polarized light that 
show characteristic diagenetic textures: (E) Enhanced moldic (elongated) porosity from 
dissolution of Halimeda grains;  (F) separated moldic porosity in muddy matrix; (G) 
vuggy and interparticle porosity; and (H) Moldic porosity. 
 
4.3.3.1 Core 5 - Facies and Porosity 
Reef Crest (12.3-0 m) – The upper 12.3 m of Core 5 is characterized as a coral 
boundstone dominated by branching corals (Acropora palmata, Porites porites, A. 
cervicornis) and massive corals (Orbicella annularis).  The smaller branching corals A. 
cervicornis and P. porites are dominant in the lower portion of the core (12.3-8.0 m), 
whereas the robust branching coral A. palmata is more common in the upper portion 
(8.0-0 m).  The matrix is a skeletal grainstone to packstone with abundant coralline red 
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algae and benthic foraminifera including encrusting forms. Diagenetically, the core can 
be divided into three distinct zones.  In the lower interval (12.3-8.0 m), interparticle and 
moldic porosity dominate, with centimeter-scale enhanced vugs common (Figure 4.8).   
Whole-core porosity ranges between 29.8% and 35.3% and plug porosity ranges 
between 26.1% and 32.7%.  The middle portion of the core (8.0-3.0 m) shows the largest 
amount of vuggy porosity.  The upper portion of the core (3.0-0 m) shows that up to 97% 
aragonite remains in the bulk carbonate (matrix).  This upper section is currently in the 
vadose zone, and has yet to experienced meteoric phreatic alteration (Chapter 3).  Good 
coral preservation limits coral porosity to an intraframe type.  This interval also displays 
the highest degree of cementation observed in all three cores.  Pore-occluding cements 
are most common at around 2 m depth in the interval.  Porosity estimates based on whole 
core range from 26.0% to 38.3% and plugs range from 16.6% to 31.1%. 
4.3.3.2 Core 5 - Plug and Interval Permeability 
Plug permeability values from Core 5 range between 0.00149 and 19.4 D (Figure 
4.7).  Whereas overall trends are poorly developed, the highest plug permeability values 
tend to occur between 8.0 to 3.0 m.   Three distinct trends can be observed in the interval 
permeability data from Core 5.  Between 12.3 and 8.0 m values show a subtle decreasing 
trend up-section to a minimum value of 10.4 D.  Between 8.0 and 5.0 m values show an 
increasing trend up-section to a maximum value of 21.4 D.  Between 4.1 and 2.1 m 
values again decrease up-section. 
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Figure 4.7: Interpreted depositional environments, interpreted paleo-meteoric 
diagenetic zone, modern diagenetic zone, mineralogy, lithofacies, porosity and 
permeability results from Core 5.  The Core 5 tested interval consists of one 
depositional unit, a coral boundstone (framestone) and floatstone.  The difference 
between the percent porosity from plugs (light green line) and core (dark green line) 
indicates the amount of vuggy porosity (shaded) with depth.  Core porosity is calculated 
from the core bulk density.  Letters A - H refer to photographs in Figure 4.8.  Key to 
symbols in stratigraphy column is shown in Figure 4.3. 
 
4.3.4  Porosity and Permeability Relations 
 The geometric mean of interval permeabilities (Table 4.1) across all three wells is 
12.2 D, significantly higher than the average plug permeability of 1.9 D.  Although plug 
permeability values do vary statistically with depositional environment (X2 = 11.74; P = 
0.0028), with the reef crest hosting the highest plug permeability (Figure 4.9A), there was 
no statistical difference in interval permeability associated with depositional environment 
(X2 = 0.34; P = 0.84) (Figure 4.9B). Furthermore, there was no significant correlation 
between the permeability values measured from the plugs, and the permeability values 
calculated from the well intervals (R = -0.14; P = 0.47) (Figure 4.9A).  
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Figure 4.8: Core 5 photographs that show the characteristic lithology for the zones 
of higher (B and D) and lower (A and C) flow.  (A) Coral boundstone with well 
preserved O. annularis in a packestone matrix; (B) Reef crest dominated Acropora 
palmata in a grainstone to rudstone matrix; (C) Coral boundstone at the water table 
contact, with a small calcrete layer at the top; (D) Dissolved branching corals and 
enhanced porosity in a wackestone matrix.  Thin sections show common diagenetic 
textures: (E) Pore occluding cements near subaerial exposure; (F) Bimodal interparticle 
porosity and enhanced vug porosity; (G) Moldic and interparticle porosity; and (H) 
Dissolution enhanced vuggy porosity. 
 
To understand the overall relationship between interval permeability and porosity, 
the interval permeabilities were correlated to three measures of porosity; (1) plug porosity 
(a proxy for matrix porosity), (2) whole-core porosity (a proxy for total porosity), and (3) 
"vuggy porosity" obtained from subtracting plug porosity from whole-core porosity.  
Interval permeabilities show no statistical correlation with plug porosity (R = -0.017; P = 
0.91) (Figure 4.10A).  Interval permeabilities do show a statistical correlation to whole-
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core porosity (R = 0.53; P = 0.00027), and an even stronger correlation to vuggy porosity 
(R = 0.68; P = 0.00004) (Figure 4.10A-B). 
 
 
Table 4.1: Summary of geometric means for interval and plug permeabilities. 
 
 
 
 
Interval Permeability Age (Ka): 120 270 400 500   
Geometric Mean of K (Darcy) 13.9 8.4 6 14.9   
N = 47 26 7 4 10   
	
          
Interval Permeability depositional 
Setting: 
Reef 
Front Backreef 
Reef 
Crest All Data   
Geometric Mean of K (Darcy) 11.3 9.7 14.6 12.2   
N = 47 19 9 19 47   
	
          
Plug Permeability Age (Ka): 120 270 400 500 
All 
Dat
a 
Geometric Mean of K (Darcy) 0.5 0.03 0.03 0.001 0.08 
N = 40 3 6 13 18 40 
	
          
Plug Permeability Core Number: Core 1 Core 4 
Core 
5     
Geometric Mean of K (Darcy) 0.01 0.05 0.61     
N = 40 9 18 13     
	
          
Plug Permeability depositional 
Setting: 
Reef 
Front Backreef 
Reef 
Crest     
Geometric Mean of K (Darcy) 0.01 0.03 0.5     
N = 40 16 6 18     
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Figure 4.10: Correlations of 
interval permeability and 
various scales of porosity 
measurements.  From left to 
right, there is no statistically 
significant correlation between 
interval permeability and 
matrix (plug) porosity (A), 
statistically good correlation 
(B) between interval 
permeability and total core 
porosity (derived from the core 
bulk density), and the strongest 
correlation (C) between 
interval permeability and 
vuggy porosity (core porosity 
minus plug porosity).  The 
increased positive correlation 
to the right suggests vuggy 
porosity is the dominant 
porosity type in the modified 
reefal carbonates. 
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4.4 Discussion 
 The Pleistocene reefal limestones of the southern Dominican Republic are highly 
permeable with interval values based on in situ injection test ranging between 5-25 D.  
These values are up to five orders-of-magnitude higher than plug permeability values 
(0.0001-19 D) from the injection test intervals.  Whereas the plug values are significantly 
lower than the interval permeability measurements, they do, however, show a correlation 
to depositional environment.  This trend is consistent with plugs recording matrix 
changes associated with the depositional energy regimes within these environments.  The 
geometric means of plug permeability (Table 1) are likely reflective of this depositional 
control: reef front (0.01 D), backreef (0.03 D), and reef crest (0.50 D).   The reef front 
environment shows the lowest plug permeability values followed by the backreef and reef 
crest (Figure 4.9).  The reef front deposits within the DR cores were commonly 
characterized as having a muddier wackestone to packestone matrix.  The backreef 
environment is highly variable, but also contained significant amounts of lime mud 
(Figure 4.4).  The reef crest is a high-energy environment characterized by grainstone, 
abundant coral debris, and an absence of lime mud.  Although grainstones have a greater 
potential for connectivity due to the dominant interparticle porosity, the relatively high 
permeability also makes the grainier facies more susceptible to cementation (i.e., Lucia, 
1999).  This can be appreciated in Figure 4.9 and in thin section from the top three meters 
of the reef crest in Core 5, where pore occluding cements are abundant close to the 
surface exposure boundary (Figure 4.8).  This pore occlusion by cement is similar to  
	 
161	
cementation at the top of cyclothems that is thought to result from original high 
permeabilities, which provided preferred conduits for diagenetic fluids (Benson et al. 
2017).  
 Interval permeabilities showed no correlation to either plug permeability or 
depositional environment (Figure 4.9), although the younger deposits of Core 5 have 
some overlap of ranges.  This poor correlation suggests that energy regime and matrix 
texture, after some meteoric diagenesis, are not the most important control on overall 
flow potential within these reefal carbonates.  This agrees with other studies (Whitaker 
and Smart 2000, Zhang et al., 2005; Nair et al., 2008) that have found that laboratory-
scale data are not indicative of field-scale fluid flow.  Our findings are consistent with the 
well-established idea that it is difficult to assess variability at the borehole scale using 
thin-sections and core plug data.  Interval permeabilities were strongly correlated to 
larger-scale vuggy porosity (Figure 4.10C), quantified by subtracting the plug-based 
matrix porosity from the whole-core “total” porosity.  The importance of larger vuggy 
porosity is best demonstrated in the lower portion of Core 1, where high interval 
permeabilities occur associated with leached branching coral vugs despite the wackestone 
matrix (Figures 4.3 and 4.4D,H). Interval permeability is higher in these muddy facies 
because of the larger (cm scale) coral vugs, and decreases above 8 m where there are 
fewer branching corals and the corals are less dissolved.  It is clear that the greater 
connectivity of vugs occurs in sections with more abundant branching coral, as such we 
expect this lithofacies to have the highest permeability. 
The presence of larger vugs that are separate or touching is highly dependent on 
the amount and enhancement of vugs through dissolution (Figure 4.11).  In thin-section 
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the reef-front matrix is more homogeneous than the other environments; but the large 
range in permeability directly correlates with aragonitic macrofauna content (Chapter 2).  
During meteoric diagenesis, there is preferential occlusion of smaller pores first, as the 
larger pores tend to be enlarged and linked to provide more transmissive pathways 
(Whitaker and Smart, 2000).  This progression is seen in the interval permeability data if 
plotted by depositional unit age (Figure 4.11).  The high variability in permeability of the 
120 Ka deposit gives way to less variable and lower interval permeabilities in the 270 Ka 
and 400 Ka deposits.  As shift towards higher interval permeability occurs in the oldest 
rocks (500 Ka) tested.  This shift is likely the result of meteoric enhancement of the 
larger vugs. 
The lack of suitability of plugs to characterize flow in reefal carbonates is likely 
increased as the rocks get older.  The percent vuggy porosity (Figures 4.3, 4.5, and 4.7) 
increases in the older stratigraphic intervals (e.g. MIS 13, ~0.5 Ma in Core 1).  In the 
youngest deposits (and least meteoric altered based on occurrence of aragonite) of Core 5 
some plug samples capture the permeability range seen in the interval data (Figure 4.9).  
Whereas the plug samples in the older stratigraphic intervals (between 6-14 m, Core 1) 
all exhibit plug permeabilities orders of magnitude less than the interval permeabilities.  
This suggests that where primary porosity dominates and there is less diagenetic 
alteration, plugs are still a suitable method to capture the range of the variation in 
porosity and permeability.  However, the positive correlation between core porosity and 
interval permeability show that for these reefal units flow is dominated by coral 
dissolution, enhanced dissolution, and the resultant vuggy porosity.  Thus, during early 
diagenesis aragonite dissolution and associated meteoric cementation leads to 
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considerable variation in interval permeabilities.  As aragonite is lost to dissolution, and 
the rocks stabilized to low-Mg calcite, the result is an increase in scale dependence of 
hydraulic conductivity (and permeability), perhaps as the vugs are enlarged (Figure 4.11).  
This process is strongly dependent on exposure to meteoric waters, and secondary cement 
precipitation, which controls the rate of flushing of the aquifer, as well as the balance 
between dissolution and precipitation in pores of different size (Whitaker and Smart, 
2000). 
Although there is a distinct facies control to changes in permeability, the primary 
complex pore system is affected by meteoric diagenesis occluding and creating pore 
spaces through cementation and dissolution, respectively.  Depositional textures 
influence the diagenetic overprint and subsequent reservoir quality in carbonates 
(Grammer et al. 2004), with increased diagenetic potential during sea-level lowstand 
(Baceta et al., 2007).  Plots of permeability for Core 5, Core 4, and Core 1 show that 
there is greater variability in the modern vadose zone.  This variability is due to a 
combination of preserved primary porosity, variations in amount of dissolution of 
aragonite grains, heterogeneous meteoric cementation associated with the selective 
movement of water in this unsaturated zone, and different stage of vug enhancement.   
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Figure 4.11: Box plots of interval permeability versus age (upper) and plug 
permeability versus age (lower). The plots show the median as the line in the box, the 
1st and 3rd quartiles by the box, and the minimum and maximum range as the "whisker" 
lines. The outliers are shown as open circles. The 120 Ka interval permeabilities show 
high values and high variability. The 270 and 400 Ka deposits show a reduction in 
variability and magnitude of the interval permeabilities relative to the younger deposits. 
At 500 Ka the range of the interval permeability increases. We interpret this sequence to 
represent dissolution of aragonite (120 Ka) and occlusion of primary interparticle pores 
during meteoric diagenesis (270 and 400 Ka). The return to higher interval permeability 
by 500 Ka suggests that vugs and their connectivity is developed in this late stage 
meteoric alteration. The lower plot shows the distribution of permeability in plug samples 
of differing ages. At 120 Ka the magnitude and range of the permeabilities are close to 
that measured by the injection test interval permeabilities. In the older deposits the 
magnitude and range of the plug permeability is greatly reduced. We interpret this to be 
associated with loss of interparticle porosity. 
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3.4.1 Comparison to Other Pleistocene Vuggy Carbonates 
Although there are few available datasets of hydraulic conductivity in similar 
Pleistocene vuggy carbonates, a few studies using a similar packer methodology are 
available for comparison to the results reported here.  Constant head injection tests 
performed by Professional Service Industries (PSI) during the construction of the Miami 
Tunnel has provided flow data for the oolitic Miami Limestone, skeletal Fort Thompson 
Formation, and the coralline Key Largo Limestone (PSI, 2005).  Data was collected in 
two locations among six distinct facies.  Most hydraulic conductivity values ranged from 
0.017 cm/s to 0.054 cm/s, except for three significantly higher values of 0.080 cm/s, 
0.084 cm/s, 0.086 cm/s for the skeletal packestone of the Fort Thompson Formation.  
This extremely high conductivity of the Fort Thompson Formation is due to enhanced 
dissolution of the large bivalve shells or the open ichnofabric-based porosity 
(Cunningham et al., 2004, 2006).  Hydraulic conductivity values for the Key Largo 
Limestone, a coralline limestone of similar Pleistocene age to this study, range from 
0.029-0.031 cm/s and are within the range of values for the reefal carbonates of the 
Dominican Republic.  
Similarly, the pore system of the Dominican Republic reefal carbonates can be 
compared to the Biscayne Aquifer, a touching vug eogenetic carbonate aquifer (Lucia, 
1995) with flow values on the order of 103 m/day (Fish and Stewart, 1991; Vacher and 
Mylroie, 2002).  The triple porosity of the Biscayne Aquifer is typically a combination of 
(1) a matrix of interparticle and separate-vug porosity, providing much of the storage and, 
under dynamic conditions, diffuse-carbonate flow; (2) stratiform groundwater flow 
passageways formed by touching vugs; and, (3) less common, conduit porosity composed 
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mainly of bedding plane vugs, thin solution pipes, and cavernous vugs—pathways for 
conduit groundwater flow (Cunningham et al., 2006).  Wacker et al. (2014) reported 
estimates of hydraulic conductivity of the Biscayne Aquifer and upper Tamiami 
Formation in wells tested at the Snapper Creek well field in Kendall, Florida USA.  
Horizontal hydraulic conductivity estimates are based on single-well slug tests.  Values 
range from 0.014 cm/s to 3.53 cm/s.  The highest flow zones correlate with Cunningham 
et al. (2006, 2009) established Pore Class I.  The major pore type for the Pore Class 1 is 
touching-vug burrowed-moldic ichnofacies of pelecypod floatstone and rudstone 
lithofacies of the middle and outer shelf, including patch reef coral facies.   Some of these 
values are significantly higher (up to two orders of magnitude) than those calculated for 
the Dominican Republic reefal units. 
A final comparison is the hydraulic conductivity data from packer tests in 
Pleistocene aquifers of the Bahamas.  These packer tests produced hydraulic conductivity 
in the range of about 0.01 m/d to over 100 m/d (geometric mean of about 2 m/day), as 
summarized by Whitaker and Smart (2000).  The DR hydraulic conductivities are within 
this range of values, but show a smaller range (most between 17 and 43 m/day) and a 
geometric mean of 24 m/day.  This difference in overall range could be due to a 
difference in lithology, as the Lucayan Formation deposits (Beach and Ginsburg, 1980) 
are mostly non-skeletal grainstones (with differing diagenetic histories and pore types) as 
compared to the reefal deposits of the Dominican Republic
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Table A1: Core descriptions for Core 5. 
CORE 5 
0.0 - 
0.4 m gray coral rubble from surface exposure 
  
0.4 –  
2.0 m Lithofacies (massive) coral boundstone 
  Depositional texture rudstone 
  
Sedimentary 
structures    
  Carbonate grains corals, coral fragments; mollusks, red algae 
  Porosity types vuggy, framework, moldic 
  Coral species A. palmata, O. annularis, M. cavernosa,  S. siderea 
  
Depositional 
Environment reef crest 
  Comments: 
upper 0.18 m has soil infill from exposure, with 
highly bioturbated corals 
      
2.0 –  
2.8 m Lithofacies A. palmata floatstone 
  Depositional texture skeletal grainstone to rudstone 
  
Sedimentary 
structures    
  Carbonate grains corals, coral fragments; mollusks, red algae 
  Porosity types vuggy, framework, moldic 
  Coral species A. palmata; O. annularis 
  
Depositional 
Environment reef crest 
  Comments: more matrix, smaller A palmata corals 
      
2.8 –  
6.90 m Lithofacies A. palmata boundstone 
  Depositional texture   
  
Sedimentary 
structures    
  Carbonate grains 
corals, coral fragments; mollusks, red algae, 
halimeda 
  Porosity types vuggy, framework, moldic 
  Coral species A. palmata, C. natans 
  
Depositional 
Environment reef crest 
  Comments:   
      
6.90 –  
8.65 m 
coral floatstone exposure/calcrete: .20 m calcrete present (well-cemented), 
below looks like chalky. 
  reddish Fe staining (penetrating soil/calcrete or exposure?) 
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CORE 5 
    
8.65 –  
9.50 m Lithofacies coral floatstone 
  Depositional texture skeletal grainstone to rudstone  
  
Sedimentary 
structures    
  Carbonate grains 
corals, coral fragments; mollusks, red algae, 
halimeda 
  Porosity types vuggy, framework, moldic 
  Coral species A. palmata, S. siderea, O. annularis 
  
Depositional 
Environment reef crest 
  Comments:   
      
9.5- 
11.0 m Lithofacies A. palmata boundstone 
  Depositional texture   
  
Sedimentary 
structures    
  Carbonate grains 
corals, coral fragments; mollusks, red algae, 
halimeda 
  Porosity types vuggy, framework, moldic 
  Coral species A. palmata,  S. siderea, O. annularis 
  
Depositional 
Environment reef crest 
  Comments:   
      
11.0 – 
14.3 m Lithofacies branching coral floatstone 
  Depositional texture skeletal grainstone/rudstone to bindstone 
  
Sedimentary 
structures    
  Carbonate grains abundant mollusks, corals, red algae 
  Porosity types moldic, vuggy 
  Coral species A. palmata (small pieces); Porites sp., A. cervicornis 
  
Depositional 
Environment reef crest to upper reef front 
  Comments: 
 encrusting/binding (pinkish) red algae suggest still 
in a high energy close to reef core environment 
      
14.3 – 
15.6 m Lithofacies head coral floatstone 
  Depositional texture skeletal grainstone/rudstone to bindstone 
  
Sedimentary 
structures    
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CORE 5 
  Carbonate grains abundant mollusks, corals, red algae 
  Porosity types moldic, vuggy 
  Coral species O. annularis Porites sp. , A. cervicornis 
  
Depositional 
Environment reef crest to upper reef front 
  Comments: 
 encrusting/binding (pinkish) red algae suggest still 
in a high energy close to reef core environment 
      
15.6 m 
- 20.0 
m Lithofacies branching coral floatstone 
  Depositional texture skeletal grainstone to rudstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red algae,  
  Porosity types vuggy, moldic, interparticle 
  Coral species Porites sp. , A. cervicornis, O. annularis, D. strigosa 
  
Depositional 
Environment upper reef front 
  Comments: branching Porites sp. dominates 
      
20.0 - 
24.50 
m Lithofacies Coral floatstone 
  Depositional texture skeletal packstone to grainstone 
  
Sedimentary 
structures    
  Carbonate grains mollusks, halimeda, 
  Porosity types framestone (coral), interparticle, 
  Coral species 
Porites sp., A. cervicornis, M. aereolata, O. 
annularis, P. asteroides, D. strigosa, Agaricia sp.  
  
Depositional 
Environment shallow reef front 
  Comments: high coral diversity 
      
24.50 - 
27.50 
m Lithofacies Coral (O. annularis) floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains 
abundant halimeda, some mollusks, abundant head 
corals and a few branching corals 
  Porosity types moldic (halimeda) 
  Coral species O. annularis 
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CORE 5 
  
Depositional 
Environment shallow reef front 
  Comments:   
27.50 - 
30.0 m Lithofacies Branching coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains 
abundant halimeda, some mollusks,  branching 
corals 
  Porosity types moldic (halimeda), framestone (coral) 
  Coral species A. cervicornis, Porites sp.  
  
Depositional 
Environment reef front 
  Comments:   
      
30.0 - 
33.50 
m low recovery, skeletal wackestone? 
  0.1 m molluscan shell unit at 30.0 m 
  rizholiths or phosphate staining at 32.0 m? 
  boundary between 30-31 m 
    
33.50 - 
36.50 
m Lithofacies seagrass wackestone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains mollusks, some halimeda 
  Porosity types moldic 
  Coral species   
  
Depositional 
Environment backreef/nearshore 
  Comments:   
      
36.50 - 
39.50 
m Lithofacies branching coral floatstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures    
  Carbonate grains 
benthic forams halimeda, mollusks, few corals 
(branching , free-livers, one head coral) 
  Porosity types interparticle, moldic (mollusks), framework (corals) 
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CORE 5 
  Coral species E. fastigiata, S. intercepta 
  
Depositional 
Environment reef front 
  Comments: 
unit is mottled (bioturbated) and less cemented than 
units above; coarser-grained 
      
39.50 - 
45.50 
m Lithofacies skeletal grainstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures    
  Carbonate grains  benthic forams, mollusks 
  Porosity types interparticle 
  Coral species E. fastigiata, S. intercepta 
  
Depositional 
Environment reef front 
  Comments: color is grayish-tan 
    
unit is mottled (bioturbated) and less cemented than 
units above; coarser-grained 
      
45.5 - 
48.0 m Lithofacies skeletal and lithic packstone  
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures    
  Carbonate grains  benthic forams, mollusks 
  Porosity types interparticle 
  Coral species E. fastigiata, S. intercepta 
  
Depositional 
Environment reef front 
  Comments: 
transgressive lag: lithic sand mixed in with skeletal 
sand. Some mud; granule size lithics 
      
48.0 - 
49.50 
m Lithofacies skeletal (molluscan) packestone 
  Depositional texture skeletal packestone 
  
Sedimentary 
structures    
  Carbonate grains mollusks, few halimeda 
  Porosity types moldic 
  Coral species   
  
Depositional 
Environment reef front 
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CORE 5 
  Comments:   
      
49.50 - 
51.50 
m Lithofacies rhodolith floatstone 
  Depositional texture skeletal muddy packstone 
  
Sedimentary 
structures    
  Carbonate grains 
small rhodoliths; large benthic forams 
(Amphistegina sp.) 
  Porosity types interparticle 
  Coral species   
  
Depositional 
Environment reef front 
  Comments:   
      
51.50 - 
57.60 
m Lithofacies skeletal wackestone to muddy packestone 
  Depositional texture skeletal wackestone to muddy packestone 
  
Sedimentary 
structures    
  Carbonate grains 
small rhodoliths, large benthic forams 
(Amphistegina sp.)' few mollusks 
  Porosity types interparticle? 
  Coral species   
  
Depositional 
Environment reef front 
  Comments:   
      
57.50 - 
59.0 m  Lithofacies small rhodolith floatstone 
  Depositional texture skeletal (with lithics) muddy packstone 
  
Sedimentary 
structures    
  Carbonate grains mollusks, free-living coral 
  Porosity types interparticle 
  Coral species M. aereolata 
  
Depositional 
Environment reef front 
  Comments:   
      
59.0 - 
63.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal packstone/grainstone 
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CORE 5 
  
Sedimentary 
structures    
  Carbonate grains small rhodoliths; few mollusks 
  Porosity types framestone (coral) 
  Coral species A. cervicornis, O. annularis, M. aereolata, F. fagum 
  
Depositional 
Environment reef front 
  Comments: 
Large A. cervicornis; corals are heavily encrusted by 
red algae; common lithic grains  
      
63.0 - 
74.0 m Lithofacies skeletal grainstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures  laminated (71-74 m) 
  Carbonate grains 
large benthic forams (Amphistegina sp.), few small 
rhodoliths up to 66 m, mollusks at 74 m 
  Porosity types   
  Coral species   
  
Depositional 
Environment reef front 
  Comments:   
      
74.0 - 
78.50 
m Lithofacies rhodolith floatstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains small rhodoliths; mollusks 
  Porosity types   
  Coral species   
  
Depositional 
Environment reef front 
  Comments: 
78.40 -78.50 m well cemented (firmground?) with 
geopetals 
      
78.50 - 
85.50 
m Lithofacies "halimeda" packstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains 
"flaky" red-algae? Or very large halimeda flakes??, 
red algae, mollusks, very few corals 
	 	
 
197	
CORE 5 
  Porosity types moldic (halimeda) 
  Coral species platy Montastrea sp.? (M. franksi) 
  
Depositional 
Environment reef front 
  Comments:   
      
83.20 - 
89.20 
m Lithofacies "halimeda" and rhodolith floatstone 
  Depositional texture skeletal "muddy" packstone 
  
Sedimentary 
structures    
  Carbonate grains rhodoliths, large halimeda, some mollusks 
  Porosity types moldic (halimeda) 
  Coral species   
  
Depositional 
Environment reef front 
  Comments: 
at 88 m there is a hardground surface with infilled 
sediment  
      
89.20 - 
90.50 
m Lithofacies rhodolith floatstone/bindstone 
  Depositional texture skeletal "clean packstone 
  
Sedimentary 
structures    
  Carbonate grains rhodolith, large halimeda, some mollusks 
  Porosity types   
  Coral species   
  
Depositional 
Environment reef front 
  Comments:   
      
90.50 - 
93.0 m Lithofacies skeletal packstone/grainstone 
  Depositional texture skeletal packstone/grainstone 
  
Sedimentary 
structures    
  Carbonate grains halimeda, red-algae 
  Porosity types   
  Coral species   
  
Depositional 
Environment reef front 
  Comments:   
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CORE 5 
93.0 - 
95.0 m Lithofacies "halimeda" and rhodolith bindstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains halimeda, red-algae, some mollusks 
  Porosity types   
  Coral species   
  
Depositional 
Environment reef front 
  Comments:   
      
95.0 - 
101.75 
m Lithofacies red algae (rhodolith) and halimeda bindstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures    
  Carbonate grains 
large benthic forams (Amphistegina sp.); red-algae, 
large halimeda, few corals 
  Porosity types   
  Coral species platy species (1), and small free living? 
  
Depositional 
Environment fore-reef 
  Comments:   
      
101.75 
- 
105.50 
m Lithofacies coral floatstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, large benthic forams (Amphistegina sp.); red-
algae, large halimeda, few corals 
  Porosity types   
  Coral species 
P. asteroides, platy Porites sp., M. cavernosa, O. 
annularis  
  
Depositional 
Environment fore reef 
  Comments:   
      
105.5 - 
105.8 
m Lithofacies lithic rich grainstone 
	 	
 
199	
CORE 5 
  Depositional texture lithic rich grainstone 
  
Sedimentary 
structures    
  Carbonate grains halimeda, red algae 
  Porosity types   
  Coral species   
  
Depositional 
Environment transgressive lag - fore reef 
  Comments: lithic coarse sand and granules.  
      
105.8 - 
108.5 
m Lithofacies O. annularis floatstone 
  Depositional texture skeletal packstone/(halimeda) bindstone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, large benthic forams (Amphistegina sp.), red-
algae, large halimeda 
  Porosity types   
  Coral species O. annularis, Madracis sp. 
  
Depositional 
Environment reef front/fore reef 
  Comments: dark green color, gray mineral? 
    
dense coral heads and presence of Madracis sp. 
suggest deep water  
      
108.5 - 
119.0 
m Lithofacies coral floatstone 
  Depositional texture skeletal packestone to muddy packestone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, large benthic forams (Amphistegina sp.), 
large halimeda, bivalve shells  
  Porosity types   
  Coral species 
O. annularis, P. asteroides, colony of E. fastigiata, 
Madracis sp.?; C. natans 
  
Depositional 
Environment backreef/nearshore 
  Comments: color changes to tan and brownish tan 
    
presence of organic material and shallow water 
species suggest shallow water environment. 
      
119.0 - 
123.0 Lithofacies platy coral floatstone 
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CORE 5 
m 
  Depositional texture skeletal packestone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, large benthic forams (Amphistegina sp.); red-
algae, large halimeda 
  Porosity types   
  Coral species platy Porites sp. 
  
Depositional 
Environment fore reef 
  Comments: 
greenish gray color; dark gray sediment/mineral 
around corals?? 
      
123.0 
126.80 Lithofacies coral floatstone 
  Depositional texture skeletal packestone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, large benthic forams (Amphistegina sp.); red-
algae, large halimeda, 
  Porosity types   
  Coral species platy Porites sp. (thinner than above); C. natans 
  
Depositional 
Environment fore reef 
  Comments: 
greenish gray color; dark gray sediment/mineral 
around corals?? 
      
126.8 - 
132.5 
m Lithofacies coral floatstone 
  Depositional texture skeletal wackestone to bindstone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, large benthic forams (Amphistegina sp.); red-
algae, large halimeda,  
  Porosity types in between corals , where gray concentrates 
  Coral species platy Porites sp., and Madracis sp. 
  
Depositional 
Environment fore reef 
  Comments: 
greenish gray color; dark gray sediment/mineral 
around corals??  
      
132.5 - 
134.80 Lithofacies platy coral floatstone 
  Depositional texture skeletal wackestone to bindstone 
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CORE 5 
  
Sedimentary 
structures    
  Carbonate grains 
corals, large benthic forams (Amphistegina sp.); red-
algae, large halimeda/red algae,  
  Porosity types   
  Coral species platy Porites sp., 
  
Depositional 
Environment fore reef 
  Comments: greenish gray color; platy corals highly bioturbated  
      
134.80 
- 139.0 
m Lithofacies platy coral floatstone 
  Depositional texture skeletal packestone to bindstone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, large benthic forams (Amphistegina sp.); red-
algae, large halimeda/red algae,  
  Porosity types in between corals , where gray concentrates 
  Coral species platy Porites sp. 
  
Depositional 
Environment fore reef 
  Comments: 
greenish gray color; grayish sediment layers? platy 
corals highly bioturbated  
      
139.0 - 
140.10 
m 
hardground 
(lithofacies as 
above)   
      
140.10 
- 
144.80 
m Lithofacies halimeda/red-algae bindstone 
  Depositional texture skeletal packestone to grainstone 
  
Sedimentary 
structures    
  Carbonate grains 
 large benthic forams (Amphistegina sp.); red-algae, 
large halimeda/red algae,  
  Porosity types   
  Coral species 
D. stokesi, Madracis sp., platy Porites ap.(corals 
only at 144.90 m) 
  
Depositional 
Environment fore reef 
  Comments: greenish gray color; glauconite at 142.50 m? 
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CORE 5 
144.80 
- 149.0 
m Lithofacies skeletal packestone to grainstone 
  Depositional texture skeletal packestone to grainstone 
  
Sedimentary 
structures    
  Carbonate grains 
 large benthic forams (Amphistegina sp.); red-algae, 
large halimeda/red algae,  
  Porosity types   
  Coral species few small, azooxantallae? 
  
Depositional 
Environment fore reef 
  Comments: 
greenish gray color; darkest section of core (most 
siliciclastics) 
    
some cemented phosphatized areas (phosphatic 
nodules)?? 
      
 
Table A2: Core descriptions for Core 4. 
CORE 4 
0.0 –  
3.5 m Lithofacies head coral (O. annularis) floatstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, mollusks, abundant binding/encrusting red 
algae 
  Porosity types framework, moldic 
  Coral species O. annularis, P. asteroides 
  
Depositional 
Environment backreef 
  Comments: some corals show good preservation 
      
3.50 –  
8.0 m Lithofacies head coral (O. annularis) floatstone 
  Depositional texture 
halimeda rich (skeletal) packestone to red algal 
bindstone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, mollusks, abundant binding/encrusting red 
algae, abundant halimeda 
  Porosity types framework, moldic 
  Coral species O. annularis, A. cervicornis 
  
Depositional 
Environment backreef 
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CORE 4 
  Comments:   
      
8.0 –  
15.0 m Lithofacies branching coral (A. cervicornis) floatstone 
  Depositional texture muddy packstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks 
  Porosity types framework, moldic 
  Coral species A.  Cervicornis, O. annularis 
  
Depositional 
Environment reef front 
  Comments: less binding red algae (matrix) 
      
15. 0 - 
15.50 
m Lithofacies platy coral floatstone 
  Depositional texture 
"muddy” packstone to wackestone to red algal 
bindstone 
  
Sedimentary 
structures    
  Carbonate grains red algae, corals, halimeda, mollusks 
  Porosity types framework, moldic 
  Coral species Agaricia sp.? 
  
Depositional 
Environment reef front 
  Comments: 
grayish color and chalky appearance of color from 
exposure? 
      
 
15.5 –  
17.0 m 
 
 
Lithofacies 
 
 
coral floatstone 
  Depositional texture wackestone to red algal bindstone 
  
Sedimentary 
structures    
  Carbonate grains red algae, corals, mollusks 
  Porosity types fenestrae/vuggy, moldic, framework 
  Coral species O. annularis, Agaricia sp. 
  
Depositional 
Environment reef front 
  Comments:   
      
17.0 –  
18.5 m Lithofacies red algal bindstone 
  Depositional texture wackestone to red algal bindstone 
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CORE 4 
  
Sedimentary 
structures    
  Carbonate grains red algae, mollusks 
  Porosity types fenestrae/vuggy, moldic, framework 
  Coral species   
  
Depositional 
Environment reef front 
  Comments:   
      
18.50 - 
24.60 
m Lithofacies coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, halimeda, red algae 
  Porosity types moldic, Framework 
  Coral species A. cervicornis, Agaricia sp., E. fastigiata 
  
Depositional 
Environment reef front 
  Comments:   
      
24.6 –  
26.8 m Lithofacies coral floatstone to skeletal packstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains mollusks, halimeda 
  Porosity types moldic, interparticle 
  Coral species A. cervicornis 
  
Depositional 
Environment reef front 
  Comments: only a few branching corals around 25 m 
      
26.8 –  
32.2 m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone to bindstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red algae 
  Porosity types framework, moldic 
  Coral species A. cervicornis 
  
Depositional 
Environment reef front 
  Comments:   
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CORE 4 
      
32.2 –  
33.7 m Lithofacies coral floatstone 
  Depositional texture skeletal packstone to grainstone  
  
Sedimentary 
structures    
  Carbonate grains 
corals, red algae, mollusks, benthic forams, echinoid 
spines 
  Porosity types   
  Coral species A. cervicornis,  
  
Depositional 
Environment   
  Comments: boundary at 33.70 m 
      
33.7 –  
38.6 m Lithofacies coral floatstone 
  Depositional texture skeletal wackestone to bindstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red-algae 
  Porosity types framework, moldic 
  Coral species A. cervicornis, D. strigosa, A. palmata 
  
Depositional 
Environment front of reef crest/upper reef front 
  Comments:   
      
38.6 –  
42.67 
m Lithofacies branching coral floatstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red-algae 
  Porosity types framework, moldic 
  Coral species A. cervicornis 
  
Depositional 
Environment reef front 
  Comments:   
      
42.67 - 
43.57 
m Lithofacies coral floatstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
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CORE 4 
  Carbonate grains corals, mollusks, red-algae 
  Porosity types framework, moldic 
  Coral species M. cavernosa, E. fastigiata, A. cervicornis 
  
Depositional 
Environment reef front 
  Comments:   
      
43.57 
–  
48.0 m  Lithofacies branching and platy coral floatstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red-algae 
  Porosity types framework, moldic 
  Coral species A. cervicornis, Porites sp., Agaricia sp.,  
  
Depositional 
Environment reef front 
  Comments:   
      
48.0 –  
57.9 m Lithofacies branching coral floatstone 
  Depositional texture skeletal packstone to grainstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusk, red algae 
  Porosity types framework, moldic 
  Coral species A. cervicornis, M. aereolata, Porites sp., 
  
Depositional 
Environment reef front 
  Comments: 0. 25 m thick firmground/hardground 
      
57.9 –  
58.90 
m Lithofacies coral floatstone 
  Depositional texture skeletal packstone to grainstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusk, red algae 
  Porosity types framework, moldic 
  Coral species A. cervicornis 
  
Depositional 
Environment reef front 
  Comments:   
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CORE 4 
58.90 
–  
61.5 m Lithofacies rhodolith and branching coral floatstone 
  Depositional texture skeletal packestone 
  
Sedimentary 
structures    
  Carbonate grains corals, rhodoliths, mollusks, benthic forams 
  Porosity types moldic 
  Coral species A. cervicornis, Agaricia sp., 
  
Depositional 
Environment reef front 
  Comments:   
      
61.5 –  
62.40 
m Lithofacies skeletal packstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains mollusks, benthic forams 
  Porosity types moldic 
  Coral species   
  
Depositional 
Environment reef front 
  Comments: 
few dark specs from lithic (sand) grains; borrows at 
62 m? 
      
62.4 –  
63.9 m Lithofacies rhodolith and branching coral floatstone 
  Depositional texture skeletal packestone 
  
Sedimentary 
structures    
  Carbonate grains corals, rhodoliths, mollusks, benthic forams 
  Porosity types moldic 
  Coral species A. cervicornis ? 
  
Depositional 
Environment reef front 
  Comments: very few branching corals in the top meter  
    dark specs from lithic (sand) grains 
      
63.9 –  
74.23 
m Lithofacies rhodolith floatstone 
  Depositional texture skeletal "muddy" packstone 
  Sedimentary   
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CORE 4 
structures  
  Carbonate grains 
rhodoliths, mollusks, benthic forams, some platy 
corals, halimeda? 
  Porosity types moldic 
  Coral species Agaricia sp.? 
  
Depositional 
Environment reef front 
  Comments: 
core color starts to change to more greenish tan 
(siliciclastics) 
    
slightly muddier than section above (siliciclastic 
mud?) 
      
74.23 
–  
75.5 m Lithofacies skeletal (red algae and benthic forams) packestone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains abundant large benthic forams, red algae, mollusks 
  Porosity types moldic 
  Coral species   
  
Depositional 
Environment reef front 
  Comments: iron staining at 74.23 m 
      
75.5 –  
80.0 m Lithofacies (head) coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, red algae, mollusks, benthic forams, echinoid 
spines  
  Porosity types   
  Coral species O. annularis, P. asteroides, C. natans?,  
  
Depositional 
Environment reef front 
  Comments: tannish green color from siliciclastics (mud) 
    
large O. annularis heads are very well preserved 
with very dense skeletons 
    
some areas are infilled by green mud (in between 
growth?) 
      
80.0 –  
84.0 m Lithofacies coral floatstone 
  Depositional texture skeletal wackestone to bindstone 
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CORE 4 
  
Sedimentary 
structures    
  Carbonate grains corals, red algae and rhodoliths, benthic forams 
  Porosity types framework, moldic 
  Coral species 
M. cavernosa, P. furcata, M. decactis, M. aereolota, 
Agaricia sp. 
  
Depositional 
Environment reef front to fore reef 
  Comments: green color intensifies (more siliciclastic mud-rich) 
    very well preserved carbonate components 
    
below 82 m more free-livers and platy species 
(deeper) 
      
84.0 –  
86.80 
m Lithofacies skeletal packstone to grainstone 
  Depositional texture skeletal "clean" packstone to grainstone 
  
Sedimentary 
structures    
  Carbonate grains 
very few branching corals, mollusks, red algae, 
benthic forams 
  Porosity types moldic, interparticle? 
  Coral species   
  
Depositional 
Environment fore reef 
  Comments: green color has changed to tan (no siliciclastic mud) 
      
86.8 –  
89.0 m Lithofacies Platy and free - living floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains 
platy and free-living, benthic forams, red algae, 
small rhodoliths 
  Porosity types   
  Coral species P. colonensis, M. aereolata,  
  
Depositional 
Environment fore reef 
  Comments: green color (siliciclastics) is back 
89.0 –  
90.5 m Lithofacies skeletal packstone to rhodolith floatstone 
  Depositional texture skeletal "clean" packstone 
  
Sedimentary 
structures    
  Carbonate grains rhodoliths, benthic forams, mollusks 
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CORE 4 
  Porosity types   
  Coral species   
  
Depositional 
Environment fore reef 
  Comments: greenish tan to tan color (less to no siliciclastic)  
    90.0 -90.5 m hardground/firmground 
      
90.5 –  
93.5 m Lithofacies skeletal packstone/grainstone to rhodolith floatstone 
  Depositional texture skeletal "clean" packstone to grainstone 
  
Sedimentary 
structures    
  Carbonate grains 
few branching corals, rhodoliths, benthic forams, 
mollusks 
  Porosity types interparticle 
  Coral species   
  
Depositional 
Environment fore reef 
  Comments: 
gradually gets more coarser grained and with more 
lithics with depth 
    changes from tan to tannish green with depth 
      
93.5 –  
95.8 m Lithofacies skeletal grainstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures    
  Carbonate grains red algae, rhodoliths, benthic forams, mollusks 
  Porosity types interparticle, moldic 
  Coral species   
  
Depositional 
Environment fore reef 
  Comments: back to tan, less siliciclastics 
      
95.8 –  
99.4 m Lithofacies skeletal grainstone to branching coral floatstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, red algae, benthic forams, mollusks, 
halimeda? 
  Porosity types interparticle, framework 
  Coral species 
P. pulchellus, M. decactis, M. aereolata, P. 
colonensis? 
  Depositional fore reef 
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CORE 4 
Environment 
  Comments: siliciclastic content increases; greenish tan color 
   
99.4 -
101.45 
m Lithofacies skeletal grainstone to bindstone 
  Depositional texture skeletal grainstone/rudstone to bindstone 
  
Sedimentary 
structures    
  Carbonate grains 
few corals, platy red algae or/and large halimeda?, 
rhodoliths, benthic forams, mollusks 
  Porosity types interparticle 
  Coral species M. decactis 
  
Depositional 
Environment fore reef 
  Comments:   
      
101.45 
- 
105.55 
m Lithofacies skeletal grainstone to coral floatstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, platy red algae, rhodoliths, benthic forams, 
mollusks 
  Porosity types interparticle, moldic 
  Coral species M. decactis, O. annularis 
  
Depositional 
Environment fore reef 
  Comments: tan to greenish tan color 
      
105.55 
- 
106.85 
m Lithofacies skeletal grainstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures    
  Carbonate grains platy red algae, rhodoliths, benthic forams, mollusks 
  Porosity types interparticle, moldic 
  Coral species   
  
Depositional 
Environment fore reef 
  Comments: tan to greenish tan color 
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CORE 4 
      
106.85 
- 
111.50 
m Lithofacies platy coral floatstone 
  Depositional texture skeletal "muddy packstone to wackestone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, platy red algae, rhodoliths, benthic forams, 
mollusks 
  Porosity types moldic, framework 
  Coral species M. decactis, P. colonensis, Agaricia sp. 
  
Depositional 
Environment fore reef  
  Comments: increased siliciclastic mud (dark green color) 
    gray lithic grains (phosphatic?) 
      
111.5 - 
114.5 
m Lithofacies coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, platy red algae, rhodoliths, benthic forams, 
mollusks 
  Porosity types framework, moldic 
  Coral species 
M. decactis, P. colonensis, Agaricia sp., M. 
cavernosa, P. asteroides, D. stokesi 
  
Depositional 
Environment fore reef 
  Comments: 
most siliciclastic content based on darkest green 
color 
     gray lithic grains (phosphatic?) 
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Table A3: Core descriptions for Core 3. 
CORE 3 
0.0 – 
0.9 m Lithofacies coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains coral, mollusks 
  Porosity types   
  Coral species O. annularis, Porites sp., Agaricia sp. 
  
Depositional 
Environment backreef 
  Comments: soil infill  
      
0.9 –  
5.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone to packstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, some halimeda, red-algae 
  Porosity types framework, moldic 
  Coral species 
Porites sp., A. cervicornis, E. fastigiata, F. fragum?, 
Agaricia sp. 
  
Depositional 
Environment backreef 
  Comments:   
      
5.0 –  
7.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal packstone to grainstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, some halimeda, red-algae 
  Porosity types framework, moldic 
  Coral species 
O. annularis, Porites sp., A. cervicornis, E. 
fastigiata, F. fragum?, Agaricia sp., P. asteroides 
  
Depositional 
Environment backreef 
  Comments: pinkish tan color from red-algae 
      
7.0 –  
12.5 m Lithofacies  coral floatstone 
  Depositional texture skeletal grainstone 
  Sedimentary   
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CORE 3 
structures  
  Carbonate grains corals, mollusks, some halimeda, red-algae 
  Porosity types framework, moldic, interparticle 
  Coral species 
O. annularis, D. strigosa, Porites sp., Agaricia sp., 
P. asteroides 
  
Depositional 
Environment backreef 
  Comments: 
corals are heavily encrusted by red-algae that gives 
the core a pinkish tan  
    
From 12.0 -12.50 m abundance of mollusks 
increases 
      
12.50 
- 
15.50 
m Lithofacies coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red-algae 
  Porosity types framework, moldic 
  Coral species 
O. annularis, D. strigosa, Porites sp., Agaricia sp., 
E. fastigiata 
  
Depositional 
Environment backreef 
  Comments: 12.50 - 14.70 m boundary/exposure 
      
15.50 
- 
17.50 
m Lithofacies coral floatstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red-algae 
  Porosity types framework, moldic 
  Coral species 
O. annularis, D. strigosa, Porites sp., Agaricia sp., 
E. fastigiata, P. asteroides, A. cervicornis 
  
Depositional 
Environment backreef 
  Comments: 12.50 - 14.70 m boundary/exposure 
    section gets more finer-grained with depth 
      
17.50 Lithofacies branching coral floatstone 
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CORE 3 
- 
18.70 
m 
  Depositional texture skeletal wackestone to packstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red-algae 
  Porosity types framework, moldic 
  Coral species  Porites sp., E. fastigiata, A. cervicornis 
  
Depositional 
Environment backreef 
  Comments: exposure or penetrating calcrete at 17.90 m 
      
18.70 
- 22.0 
m Lithofacies coral floatstone 
  Depositional texture skeletal grainstone to rudstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red-algae, halimeda 
  Porosity types framework, moldic, interparticle 
  Coral species Porites sp., O. annularis 
  
Depositional 
Environment backreef 
  Comments:   
      
22.0 - 
24.50 
m Lithofacies branching coral floatstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red-algae, halimeda 
  Porosity types framework, moldic, interparticle 
  Coral species Porites sp., O. annularis 
  
Depositional 
Environment backreef 
  Comments: less coral cover than core above 
      
24.50 
- 
27.15 
m Lithofacies head coral floatstone 
  Depositional texture skeletal packstone 
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CORE 3 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red-algae, halimeda 
  Porosity types framework, moldic 
  Coral species O. annularis, P. asteroides 
  
Depositional 
Environment backreef 
  Comments: 26.85 m  some lithic grains 
      
27.15 
- 
27.50 
m Lithofacies coral floatstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red-algae, halimeda 
  Porosity types framework, moldic, interparticle 
  Coral species O. annularis, Porites sp. 
  
Depositional 
Environment backreef 
  Comments: 
contains lithic (dark) grains, most likely 
transgressive 
      
27.50 
- 29.0 
m Lithofacies coral floatstone 
  Depositional texture skeletal packestone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red-algae, halimeda 
  Porosity types framework, moldic 
  Coral species 
O. annularis, S. siderea, P. asteroides, A. 
cervicornis, F. fragum 
  
Depositional 
Environment backreef 
  Comments: high coral cover and diversity  
      
29.0 - 
30.50 
m  Lithofacies branching coral floatstone 
  Depositional texture skeletal muddy packstone 
  
Sedimentary 
structures    
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CORE 3 
  Carbonate grains corals, few mollusks 
  Porosity types framework, moldic 
  Coral species A. cervicornis 
  
Depositional 
Environment backreef 
  Comments: 30.5 - 31.0 calcrete/exposure 
      
31.0 –  
35.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains corals, few mollusks 
  Porosity types framework, moldic 
  Coral species A. cervicornis, Porites sp. 
  
Depositional 
Environment backreef 
  Comments: 30.5 - 31.0 penetrating calcrete 
      
35.0 - 
36.25 
m Lithofacies coral floatstone (A. palmata) 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red-algae 
  Porosity types framework, moldic, interparticle 
  Coral species A. palmata, A. cervicornis, D. strigosa 
  
Depositional 
Environment reef crest/nearshore 
  Comments:   
      
36.25 
- 38.0 
m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, mollusks, red-algae, large benthic forams 
(Amphistegina sp.?) 
  Porosity types framestone, moldic 
  Coral species A. cervicornis 
  Depositional reef front 
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CORE 3 
Environment 
  Comments:   
      
38.0 –  
41.0 m Lithofacies coral floatstone 
  Depositional texture skeletal wackestone to red algal bindstone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, mollusks, red-algae (both rhodoliths and 
binding red algae) 
  Porosity types framework, moldic 
  Coral species M. franksi?, A. cervicornis 
  
Depositional 
Environment reef front 
  Comments:   
      
41.0 - 
42.50  Lithofacies coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, mollusks, red-algae, large benthic forams 
(Amphistegina sp.?) 
  Porosity types   
  Coral species A. cervicornis 
  
Depositional 
Environment   
  Comments:   
      
42.50 
- 
45.10 
m Lithofacies coral floatstone 
  Depositional texture skeletal packestone 
  
Sedimentary 
structures    
  Carbonate grains   
  Porosity types framework,  
  Coral species 
O. annularis, P. asteroides, A. cervicornis, Agaricia 
sp.,   
  
Depositional 
Environment reef front 
  Comments:   
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CORE 3 
45.10 
- 47.0 
m Lithofacies platy coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, mollusks, red-algae, large benthic forams 
(Amphistegina sp.?) 
  Porosity types framework, moldic 
  Coral species Agaricia sp.? 
  
Depositional 
Environment reef front 
  Comments: color changes to brownish-tan 
      
47.0 –  
61.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red-algae, benthic forams  
  Porosity types framework, moldic 
  Coral species 
A. cervicornis, Porites sp., E. fastigiata, P. 
asteroides 
  
Depositional 
Environment reef front 
  Comments: coral cover diminishes downcore 
      
61.0 –  
69.0 m Lithofacies skeletal packestone to grainstone 
  Depositional texture skeletal packestone to grainstone 
  
Sedimentary 
structures    
  Carbonate grains mollusks, benthic forams 
  Porosity types moldic 
  Coral species   
  
Depositional 
Environment reef front 
  Comments:   
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Table A4: Core descriptions for Core 1. 
CORE 1 
0.0 – 
3.6 m Lithofacies skeletal packestone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains benthic forams, mollusks 
  Porosity types moldic 
  Coral species   
  
Depositional 
Environment backreef 
  Comments: presence of rizholiths 
      
3.6 –  
5.3 m Lithofacies skeletal (benthic forams) grainstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures  laminated 
  Carbonate grains benthic forams 
  Porosity types interparticle 
  Coral species   
  
Depositional 
Environment backreef 
  Comments: more brownish color than above 
    sharp textural boundary with unit below.  
      
5.3 –  
9.60 m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone/mudstone 
  
Sedimentary 
structures    
  Carbonate grains mollusks, platy and branching corals 
  Porosity types moldic 
  Coral species A. cervicornis, few platy species 
  
Depositional 
Environment backreef 
  Comments: some coral molds infilled with soil 
      
9.60 - 
20.10 
m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone 
  Sedimentary   
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CORE 1 
structures  
  Carbonate grains corals, mollusks, halimeda 
  Porosity types moldic 
  Coral species 
A. cervicornis; P. asteroides? Caulastrea sp. Or 
Eusmilia sp? 
  
Depositional 
Environment backreef 
  Comments:   
      
20.10 - 
41.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains 
corals, mollusks, halimeda, red algae, benthic 
forams 
  Porosity types framework and moldic 
  Coral species 
A. palmata (top of unit);Porites sp.; A. cervicornis; 
Agaricia sp.; P. asteroides; C. portorricensis 
  
Depositional 
Environment backreef 
  Comments:   
      
41.0-
53.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red algae, benthic forams 
  Porosity types framework and moldic 
  Coral species  A. cervicornis 
  
Depositional 
Environment reef front 
  Comments:   
      
53.0 - 
55.40 Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red algae, benthic forams 
  Porosity types framework and moldic 
  Coral species S. minor; A. cervicornis 
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CORE 1 
  
Depositional 
Environment reef front  
  Comments: first time S. minor identified in core 
      
55.40 - 
56.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal packestone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red algae, benthic forams 
  Porosity types framework and moldic 
  Coral species A. cervicornis 
  
Depositional 
Environment reef front 
  Comments:   
      
56.0 - 
57.50 
m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains corals, mollusks, red algae, benthic forams 
  Porosity types framework and moldic 
  Coral species A. cervicornis; S. minor 
  
Depositional 
Environment reef front 
  Comments:   
      
57.50 - 
66.30 
m Lithofacies S. minor floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains corals, some mollusks, some platy 
  Porosity types moldic (S. minor) 
  Coral species S. minor, Agaricia sp. 
  
Depositional 
Environment reef front (deep) 
  Comments: 
57.50 - 60.0 m is all rubble; platy corals increase in 
deeper section, still S. minor dominates 
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CORE 1 
66.30 - 
67.95 
m Lithofacies Branching and platy coral floatstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types framework and moldic 
  Coral species S. minor, Agaricia sp.?, A. cervicornis, Porites sp.?  
  
Depositional 
Environment reef front 
  Comments:   
      
67.95 - 
68.40 
m Lithofacies Platy coral floatstone 
  Depositional texture skeletal wackestone to "muddy" packstone 
  
Sedimentary 
structures    
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types   
  Coral species Agaricia sp., S. minor 
  
Depositional 
Environment reef front/fore reef 
  Comments:   
      
68.40 - 
71.0 m Lithofacies Branching and platy coral floatstone 
  Depositional texture skeletal wackestone to "muddy" packstone 
  
Sedimentary 
structures    
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types framework and moldic 
  Coral species S. minor, Agaricia sp.?, A. cervicornis, Porites sp.?  
  
Depositional 
Environment reef front/fore reef 
  Comments:   
      
71.0 - 
77.0 m Lithofacies Branching and platy coral floatstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
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CORE 1 
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types framework and moldic 
  Coral species S. minor, Agaricia sp.?, A. cervicornis, Porites sp. 
  
Depositional 
Environment reef front/fore reef 
  Comments:   
      
77.0 -
78.50 
m Lithofacies Branching coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types framework and moldic 
  Coral species S. minor, Agaricia sp.?, A. cervicornis, Porites sp.  
  
Depositional 
Environment reef front/fore reef 
  Comments:   
      
78.50 - 
81.0 m Lithofacies platy coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types moldic 
  Coral species Agaricia sp., S. minor 
  
Depositional 
Environment fore reef 
  Comments:   
81.0 - 
84.72 
m Lithofacies platy coral floatstone 
  Depositional texture skeletal wackestone/mudstone 
  
Sedimentary 
structures    
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types moldic 
  Coral species Agaricia sp.?, S. minor 
  
Depositional 
Environment fore reef 
  Comments:   
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CORE 1 
      
84.72 - 
89.0 m Lithofacies Branching and platy coral floatstone 
  Depositional texture skeletal wackestone/mudstone 
  
Sedimentary 
structures    
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types  moldic 
  Coral species S. minor, Agaricia sp.? 
  
Depositional 
Environment fore reef 
  Comments:   
      
89.0 - 
94.50 
m Lithofacies Platy coral floatstone 
  Depositional texture skeletal wackestone/mudstone 
  
Sedimentary 
structures    
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types moldic 
  Coral species Agaricia sp.?, S. minor 
  
Depositional 
Environment fore reef 
  Comments:   
      
   
 
Table A5: Core descriptions for Core 2. 
CORE 2 
0 –  
5.3 m Lithofacies coral floatstone 
  Depositional texture skeletal packstone to grainstone 
  
Sedimentary 
structures    
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types   
  Coral species M. franksi, P. asteroides 
  
Depositional 
Environment backreef/nearshore 
  Comments: 
pinkish tan color. corals completely recrystallized. 
Corals in the first 3 m infilled with soil 
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CORE 2 
5.3 –  
8.3 m Lithofacies branching coral floatstone 
  Depositional texture skeletal packstone  to "muddy packstone 
  
Sedimentary 
structures    
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types moldic and framework 
  Coral species A. cervicornis, E. fastigiata, Agaricia sp.? 
  
Depositional 
Environment backreef/nearshore 
  Comments: mollusk content high from 7-8 m  
    
boundary (subaerial exposure) at 8.3 m and 
brecciated calcrete at 8.5  
      
9.5 –  
12.5 m Lithofacies branching coral floatstone/boundstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures    
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types   
  Coral species A. cervicornis 
  
Depositional 
Environment backreef/nearshore 
  Comments:   
      
12.5 –  
21.0 m Lithofacies coral floatstone/boundstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures    
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types moldic 
  Coral species 
S. monticulosa, A. palmata, A. cervicornis, D. 
strigosa  
  
Depositional 
Environment nearshore "reef crest" 
  Comments: 
S. Monticulosa dominates. That are highly 
recrystallized 
      
21.0 - 
24.50 
m Lithofacies branching coral floatstone 
  Depositional texture skeletal (halimeda) packestone 
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CORE 2 
  
Sedimentary 
structures    
  Carbonate grains corals, benthic forams, mollusks 
  Porosity types moldic (S. monticulosa) 
  Coral species S. monticulosa, C. portorricensis 
  
Depositional 
Environment reef front 
  Comments: 
matrix is more halimeda rich than above; less coral 
cover. S. monticulosa's are not recrystallized but 
dissolved.  
    
very sharp textural boundary at 24.50 m. Becomes 
wackestone/mudstone below. 
      
24.5 – 
32.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone/mudstone 
  
Sedimentary 
structures    
  Carbonate grains   
  Porosity types moldic (corals) 
  Coral species A. cervicornis, Porites sp., C. portoricensis 
  
Depositional 
Environment reef front 
  Comments:   
      
32.0 – 
42.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone/mudstone 
  
Sedimentary 
structures    
  Carbonate grains   
  Porosity types moldic (corals) 
  Coral species 
S. monticulosa, A. palmata?, A. cervicornis, Porites 
sp., C. portoricensis 
  
Depositional 
Environment reef front 
  Comments:   
      
42.0 –  
44.0 m Lithofacies branching coral (S. monticulosa) floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains mollusks, benthic forams, 
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CORE 2 
  Porosity types   
  Coral species S. monticulosa 
  
Depositional 
Environment reef front 
  Comments:   
      
44.0 - 
45.65 
m Lithofacies branching coral floatstone to skeletal mudstone 
  Depositional texture skeletal wackestone and skeletal mudstone 
  
Sedimentary 
structures  
10 -15 cm mudstone interlayered between the 
skeletal wackestone  
  Carbonate grains mollusks, benthic forams, few rhodoliths 
  Porosity types moldic 
  Coral species A. cervicornis, C. portorricensis 
  
Depositional 
Environment reef front 
  Comments:   
      
45.65 - 
48.50 
m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains mollusks, benthic forams, few rhodoliths 
  Porosity types moldic 
  Coral species A. cervicornis, Porites sp., C. portorricensis 
  
Depositional 
Environment reef front 
  Comments: More coral rich than previous two reef front units 
      
48.50 - 
51.55 
m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone/mudstone 
  
Sedimentary 
structures    
  Carbonate grains mollusks, benthic forams, few rhodoliths 
  Porosity types moldic 
  Coral species 
A. palmata?, A. cervicornis, Montastrea sp.?, C. 
portorricensis 
  
Depositional 
Environment reef front 
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CORE 2 
  Comments: More coral rich than previous two reef front units 
      
51.55 - 
54.50 
m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains mollusks, benthic forams, few rhodoliths 
  Porosity types moldic 
  Coral species 
A. palmata, S. monticulosa, C. portorricensis, A. 
cervicornis, Porites sp. 
  
Depositional 
Environment reef front 
  Comments: More coral rich than previous two reef front units 
      
 
Table A6: Core descriptions for Core 6. 
CORE 6 
0.0 – 
1.0 m Lithofacies branching coral floatstone 
  Depositional texture  skeletal wackestone/packstone 
  
Sedimentary 
structures    
  Carbonate grains corals and mollusks 
  Porosity types framework and moldic (low porosity) 
  Coral species 
C. portorricensis (corals are highly recrystallized), 
A. cervicornis 
  
Depositional 
Environment nearshore/backreef 
  Comments:   
      
1.0 -  
1.95 m Lithofacies molluscan wackestone 
  Depositional texture shell unit with abundant bivalves and gastropods 
  
Sedimentary 
structures    
  Carbonate grains bivalves and gastropods, few branching corals 
  Porosity types moldic and vuggy 
  Coral species C. portoricensis, Porites sp.,  
  
Depositional 
Environment nearshore/backreef 
  Comments:   
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CORE 6 
      
1.95 – 
2.50 m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone/packstone 
  
Sedimentary 
structures    
  Carbonate grains mollusks and abundant branching corals 
  Porosity types moldic and vuggy 
  Coral species C. portorricensis (corals are highly recrystallized) 
  
Depositional 
Environment nearshore/backreef 
  Comments: highly recrystallized. brecciated calcrete at 2.40 m? 
      
2.50 – 
3.50 m Lithofacies branching coral packstone 
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains benthic forams, mollusks, branching corals 
  Porosity types vuggy 
  Coral species C. portoricensis, Porites sp., Stylophora sp. 
  
Depositional 
Environment nearshore/backreef 
  Comments: highly recrystallized 
      
3.5 -  
4.5 m Lithofacies branching coral floatstone  
  Depositional texture skeletal wackestone/packstone 
  
Sedimentary 
structures    
  Carbonate grains benthic forams, branching corals, some mollusks 
  Porosity types moldic and vuggy 
  Coral species C. portoricensis, Porites sp., S. monticulosa 
  
Depositional 
Environment nearshore/backreef 
  Comments: highly recrystallized 
      
4.5 – 
6.0 m Lithofacies branching coral floatstone  
  Depositional texture skeletal wackestone/packstone 
  
Sedimentary 
structures    
  Carbonate grains benthic forams, branching corals, some mollusks 
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CORE 6 
  Porosity types moldic and vuggy 
  Coral species C. portoricensis, Porites sp., S. monticulosa 
  
Depositional 
Environment nearshore/backreef 
  Comments: highly recrystallized 
      
6.0 – 
9.5 m Lithofacies branching coral (S. monticulosa) floatstone 
  Depositional texture skeletal  wackestone/packstone 
  
Sedimentary 
structures    
  Carbonate grains benthic forams, branching corals, some mollusks 
  Porosity types moldic(S. monticulosa) and vuggy 
  Coral species 
 S. monticulosa, C. portoricensis, Porites sp., D. 
stokesi 
  
Depositional 
Environment nearshore/backreef 
  Comments: highly recrystallized 
      
9.5 – 
11.0 m low recovery, rubble   
  similar than above   
      
11.0 -
12.50 
m Lithofacies branching coral floatstone 
  Depositional texture muddy packstone 
  
Sedimentary 
structures    
  Carbonate grains benthic forams, branching corals, some mollusks 
  Porosity types moldic(S. monticulosa) and vuggy 
  Coral species  S. monticulosa, C. portoricensis, Porites sp. 
  
Depositional 
Environment nearshore/backreef 
  Comments:  Higher coral diversity? 
      
12.50 -
14.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal muddy packstone 
  
Sedimentary 
structures    
  Carbonate grains benthic forams, branching corals, some mollusks 
  Porosity types moldic(S. monticulosa) and vuggy 
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CORE 6 
  Coral species  S. monticulosa, C. portoricensis, Porites sp. 
  
Depositional 
Environment nearshore/backreef 
  Comments:  Penetrating calcrete 
      
14.0 -
15.50 
m low recovery, rubble   
  similar than above   
      
15.50 -
18.50 
m Lithofacies branching coral floatstone  
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains benthic forams, branching corals, some mollusks 
  Porosity types moldic(S. monticulosa) and vuggy 
  Coral species 
S. monticulosa, C. portoricensis, Porites sp., A 
cervicornis. P. asteroides 
  
Depositional 
Environment nearshore/backreef 
  Comments: "red" unit of Borda. Large S. monticulosa 
      
18.50-
24.50 
m Lithofacies branching coral floatstone  
  Depositional texture skeletal packstone 
  
Sedimentary 
structures    
  Carbonate grains benthic forams, branching corals, some mollusks 
  Porosity types moldic 
  Coral species 
S. monticulosa?, S. minor, C. portoricensis, Porites 
sp., A cervicornis. P. asteroides 
  
Depositional 
Environment nearshore/backreef 
  Comments:   
      
24.50 -
29.0 m Lithofacies branching coral (S. monticulosa) floatstone  
  Depositional texture skeletal muddy packstone 
  
Sedimentary 
structures    
  Carbonate grains benthic forams, branching corals, some mollusks 
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CORE 6 
  Porosity types moldic (S. monticulosa)  
  Coral species 
S. monticulosa, C. portoricensis, Porites sp., A. 
cervicornis? 
  
Depositional 
Environment nearshore/backreef 
  Comments:   
      
29.0 – 
30.5 m Lithofacies branching coral (S. monticulosa) floatstone  
  Depositional texture skeletal packstone/grainstone 
  
Sedimentary 
structures    
  Carbonate grains benthic forams, branching corals, some mollusks 
  Porosity types moldic (S. monticulosa)  
  Coral species S. monticulosa, C. portoricensis, A. cervicornis 
  
Depositional 
Environment nearshore/backreef 
  Comments:   
      
30.5 – 
31.0 m Lithofacies branching coral (S. monticulosa) grainstone 
  Depositional texture Coarse-grained grainstone 
  
Sedimentary 
structures    
  Carbonate grains benthic forams, branching corals, some mollusks 
  Porosity types moldic (coral), interparticle 
  Coral species 
S. monticulosa, C. portoricensis, A. cervicornis, A. 
palmata? 
  
Depositional 
Environment nearshore/backreef 
  Comments:   
      
31.0 –  
32.4 m Lithofacies skeletal grainstone 
  Depositional texture skeletal grainstone 
  
Sedimentary 
structures    
  Carbonate grains benthic forams, few branching corals and gastropods 
  Porosity types few molds and interparticle 
  Coral species small branching: A. cervicornis? or S. minor? 
  
Depositional 
Environment reef front 
  Comments: "white" grainstone 
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CORE 6 
      
32.4 –  
38.0 m Lithofacies branching coral floatstone  
  Depositional texture 
skeletal wackestone/packstone with abundant 
mollusks 
  
Sedimentary 
structures    
  Carbonate grains small branching corals, abundant mollusks 
  Porosity types moldic (from corals) 
  Coral species S. minor, A. cervicornis 
  
Depositional 
Environment reef front  
  Comments:   
      
38.0 –  
39.5 m   Lithofacies branching coral floatstone  
  Depositional texture skeletal wackestone  
  
Sedimentary 
structures    
  Carbonate grains small branching corals and platy, abundant mollusks 
  Porosity types moldic (from corals) 
  Coral species 
S. minor, A. cervicornis, platy species (Agaricia 
sp.?) 
  
Depositional 
Environment reef front  
  Comments:   
      
39.5  - 
49.45 
m Lithofacies branching coral (S. minor) floatstone 
  Depositional texture skeletal wackestone  
  
Sedimentary 
structures    
  Carbonate grains 
small branching corals, abundant halimeda and some 
mollusks 
  Porosity types moldic (from corals) 
  Coral species S. minor, A. cervicornis 
  
Depositional 
Environment reef front  
  Comments:   
      
49.45 - 
53.0 m Lithofacies branching coral (S. minor) floatstone 
  Depositional texture skeletal wackestone  
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CORE 6 
  
Sedimentary 
structures    
  Carbonate grains 
small branching corals, some halimeda, and some 
mollusks 
  Porosity types moldic (from corals) 
  Coral species S. minor, free-living 
  
Depositional 
Environment reef front  
  Comments: core color changes to darker tan 
      
53.0 –  
56.7 m Lithofacies platy coral (and S. minor) floatstone 
  Depositional texture skeletal wackestone to packstone 
  
Sedimentary 
structures    
  Carbonate grains 
small branching corals, some halimeda and some 
mollusks 
  Porosity types moldic (from corals) 
  Coral species 
platy coral species (Agaricia sp., Porites sp.) S. 
minor, C. portorricensis; few free-living 
  
Depositional 
Environment reef front  
  Comments:   
      
56.7 - 
63.50 
m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone/packstone  
  
Sedimentary 
structures    
  Carbonate grains 
small branching corals, free-living; some halimeda 
and abundant mollusks, some rhodoliths 
  Porosity types moldic (from corals) 
  Coral species 
S. minor, C. portorricensis; free-living (M. 
areolata?) 
  
Depositional 
Environment reef front  
  Comments: 40 cm molluscan layer at 63.5 m 
      
63.50 - 
66.0 m Lithofacies branching coral floatstone 
  Depositional texture 
skeletal wackestone/packstone to bindstone (red 
algae) 
  Sedimentary   
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CORE 6 
structures  
  Carbonate grains 
small branching corals, free-living, platy corals, 
some halimeda and abundant mollusks, more 
abundant rhodoliths 
  Porosity types moldic (from corals) 
  Coral species 
S. minor, C. portorricensis, free-living (M. 
areolata?), platy (Agaricia sp., Porites sp.) 
  
Depositional 
Environment reef front  
  Comments: 
firmground or denser section at 66.0 m, some areas 
look mottled 
      
66.0 –  
73.0 m Lithofacies rhodolith floatstone (bindstone) 
  Depositional texture 
skeletal wackestone/packstone to bindstone (red-
algae) 
  
Sedimentary 
structures    
  Carbonate grains 
large rhodoliths, free-livers and mollusks, few 
branching 
  Porosity types moldic  
  Coral species M. aereolata 
  
Depositional 
Environment reef front 
  Comments: rhodoliths dominate and increase in size. 
      
73.0 –  
81.0 m Lithofacies rhodolith and branching coral floatstone 
  Depositional texture skeletal wackestone to bindstone (red-algae) 
  
Sedimentary 
structures    
  Carbonate grains 
platy corals, and very small S. minor, rhodoliths, 
mollusks, some halimeda 
  Porosity types moldic 
  Coral species Agaricia sp., S. minor   
  
Depositional 
Environment fore reef 
  Comments: 80.90 -81.50 m hardground/firmground surface 
      
81.5- 
82.8 m Lithofacies rhodolith floatstone/bindstone 
  Depositional texture skeletal (red-algae) wackestone to bindstone 
  
Sedimentary 
structures    
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CORE 6 
  Carbonate grains 
red-algae, rhodoliths, mollusks, very small S. minor, 
free-livers 
  Porosity types moldic 
  Coral species S. minor  
  
Depositional 
Environment fore reef 
  Comments: 82.8-83.2 hardground/firmground surface 
      
83.2 –  
86.0 m Lithofacies rhodolith floatstone/bindstone 
  Depositional texture skeletal (red-algae) wackestone to bindstone 
  
Sedimentary 
structures    
  Carbonate grains 
red-algae, rhodoliths, mollusks, very small S. minor, 
free-livers, platy corals 
  Porosity types moldic 
  Coral species S. minor, Agaricia sp., M. aereolata 
  
Depositional 
Environment fore reef 
  Comments: 82.8-83.2 hardground/firmground surface 
      
86.0 –  
89.5 m Lithofacies rhodolith floatstone/bindstone 
  Depositional texture skeletal (red-algae) wackestone to muddy packstone 
  
Sedimentary 
structures    
  Carbonate grains 
red-algae, rhodoliths, mollusks, very small S. minor, 
free-livers, platy corals 
  Porosity types moldic 
  Coral species S. minor, Agaricia sp., M. aereolata 
  
Depositional 
Environment fore reef 
  Comments: grannier than unit above  
      
89.5 –  
94.5 m Lithofacies rhodolith floatstone/bindstone 
  Depositional texture skeletal (red-algae) wackestone to muddy packstone 
  
Sedimentary 
structures    
  Carbonate grains 
red-algae, large rhodoliths, mollusks, very small S. 
minor, free-livers, platy corals 
  Porosity types moldic 
  Coral species S. minor, Agaricia sp., M. aereolata 
  Depositional fore reef 
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CORE 6 
Environment 
  Comments: large rhodoliths, boundary at 94.50 m is hardground 
94.5 - 
101.5 
m Lithofacies free-living floatstone 
  Depositional texture skeletal packestone to grainstone 
  
Sedimentary 
structures    
  Carbonate grains 
benthic forams, red algae (mm size rhodoliths?), free 
livers 
  Porosity types interparticle 
  Coral species M. aereolata 
  
Depositional 
Environment fore reef 
  Comments:   
      
 
Table A7: Core descriptions for Core 7. 
CORE 7 
0.0 –  
0.9 m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone/packestone 
  
Sedimentary 
structures    
  Carbonate grains branching corals, mollusks, benthic forams 
  Porosity types moldic 
  Coral species A. cervicornis?, Porites sp.?  
  
Depositional 
Environment backreef/nearshore 
  Comments: recrystallized corals are difficult to identify 
    terrarosa color from exposure 
      
0.9 –  
5.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone/packstone 
  
Sedimentary 
structures    
  Carbonate grains branching corals, mollusks 
  Porosity types moldic, vuggy 
  Coral species S. minor, A. cervicornis 
  
Depositional 
Environment backreef/nearshore 
  Comments: 0.9 brecciated calcrete (subaerial exposure) 
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CORE 7 
    terrarosa color from exposure and red soil infill 
      
5.0 –  
11.0 m Lithofacies branching coral floatstone 
  Depositional texture (skeletal) molluscan wackestone 
  
Sedimentary 
structures    
  Carbonate grains branching corals, abundant mollusks 
  Porosity types moldic, framework 
  Coral species   
  
Depositional 
Environment backreef/nearshore 
  Comments: red soil infill 
      
11.0 - 
18.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone 
  
Sedimentary 
structures    
  Carbonate grains branching corals, mollusks 
  Porosity types moldic 
  Coral species S. monticulosa, A. cervicornis 
  
Depositional 
Environment backreef/nearshore 
  Comments:   
      
18.0 - 
26.5 m Lithofacies branching coral floatstone 
  Depositional texture skeletal wackestone/mudstone 
  
Sedimentary 
structures    
  Carbonate grains branching corals, mollusks 
  Porosity types moldic, framework 
  Coral species S. monticulosa, A. cervicornis, S. minor, Porites sp. 
  
Depositional 
Environment backreef/nearshore 
  Comments: calcrete (subaerial exposure) at 26.5 m 
      
26.5 - 
32.0 m Lithofacies branching coral floatstone 
  Depositional texture skeletal "muddy" packstone to wackestone 
  
Sedimentary 
structures    
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CORE 7 
  Carbonate grains branching corals, mollusks 
  Porosity types moldic, framework 
  Coral species C. portorricensis, A. cervicornis, S. minor 
  
Depositional 
Environment backreef/nearshore 
  Comments:   
      
32.0 - 
38.0 m Lithofacies coral floatstone 
  Depositional texture skeletal muddy packstone to wackestone 
  
Sedimentary 
structures    
  Carbonate grains branching corals, mollusks, halimeda 
  Porosity types moldic, framework 
  Coral species C. portorricensis, S. minor 
  
Depositional 
Environment backreef/nearshore 
  Comments: grayish-tan color 
      
38.0 - 
43.0 m Lithofacies coral floatstone 
  Depositional texture skeletal muddy packstone to wackestone 
  
Sedimentary 
structures    
  Carbonate grains branching and platy corals, mollusks 
  Porosity types moldic, framework 
  Coral species C. portorricensis, S. minor, Agaricia sp. 
  
Depositional 
Environment backreef/nearshore 
  Comments: grayish-tan color 
      
43.0 - 
51.5 m Lithofacies branching coral floatstone 
  Depositional texture skeletal muddy packstone to wackestone 
  
Sedimentary 
structures    
  Carbonate grains branching and platy corals, mollusks, few rhodoliths 
  Porosity types moldic, framework 
  Coral species 
A. cervicornis, C. portorricensis, S. minor, Agaricia 
sp., Porites sp.  
  
Depositional 
Environment backreef/nearshore 
  Comments:   
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Table C1: Stable isotope and mineralogy for Core 5. Data in gray analyzed by Hernawati 
(2011). 
CORE 5 (The 6 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
1 5_1 0.00 -0.78 -3.20 83% 17% 0% 0% 
9 5_9 1.03 -1.06 -3.09 90% 10% 0% 0% 
15 5_15 1.95 -6.70 -3.81 30% 70% 0% 0% 
20 5_20 3.00 -2.86 -3.91 60% 40% 0% 0% 
26 5_26 3.98 -1.84 -5.06 10% 90% 0% 0% 
32 5_32 4.96 -2.07 -4.63 14% 86% 0% 0% 
34 5_34 5.88 -3.18 -4.33 0% 100% 0% 0% 
37 5_37 6.48 -3.05 -4.75 0% 100% 0% 0% 
41 5_41 7.97 -2.59 -4.31 33% 67% 0% 0% 
45 5_45 8.93 -3.75 -4.46 22% 78% 0% 0% 
50 5_50 9.92 -2.86 -5.46 27% 73% 0% 0% 
56 5_56 11.00 -4.18 -4.85 6% 94% 0% 0% 
59 5_59 11.81 -4.47 -4.25 0% 100% 0% 0% 
61 5_61 12.47 -3.64 -3.63 57% 100% 0% 0% 
64 5_64 13.90 -3.94 -3.14 49% 100% 0% 0% 
65 5_65 15.00 -3.99 -2.90 59% 100% 0% 0% 
70 5_70 16.10 -3.99 -2.75 49% 100% 0% 0% 
75 5_75 16.97 -3.43 -2.53 22% 100% 0% 0% 
81 5_81 17.99 -4.39 -3.80 0% 100% 0% 0% 
85 5_85 18.91 -5.80 -3.80 42% 100% 0% 0% 
91 5_91 19.96 -3.13 -3.83 0% 100% 0% 0% 
1 5b 20.1 -2.66 -3.29 0% 100% 0% 0% 
2 5b 21.15 -2.60 -3.43 0% 100% 0% 0% 
3 5b 21.95 -3.36 -3.64 0% 100% 0% 0% 
4 5b 23 -3.44 -3.57 0% 100% 0% 0% 
5 5b 24 -2.99 -3.34 0% 100% 0% 0% 
5b 5b 25 -2.03 -3.23 0% 100% 0% 0% 
6 5b 26.3 -1.80 -3.47 0% 100% 0% 0% 
7 5b 27.55 -1.34 -3.04 0% 100% 0% 0% 
8 5b 29.3 -4.74 -3.38 0% 100% 0% 0% 
9 5b 33.73 -4.40 -3.58 0% 100% 0% 0% 
10 5b 37.45 -2.26 -3.44 0% 100% 0% 0% 
11 5b 38.7 -1.95 -3.34 0% 100% 0% 0% 
12 5b 41.75 -0.35 -3.64 0% 100% 0% 0% 
13 5b 43.28 -0.15 -3.52 0% 100% 0% 0% 
14 5b 44.25 -0.03 -3.07 0% 100% 0% 0% 
15 5b 45.25 -0.10 -3.03 0% 100% 0% 0% 
16 5b 46.3 -0.48 -2.75 0% 100% 0% 0% 
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CORE 5 (The 6 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
17 5b 47.35 -0.68 -2.18 0% 100% 0% 0% 
18 5b 48.75 -1.01 -2.98 0% 100% 0% 0% 
19 5b 49.55 -1.41 -2.54 0% 100% 0% 0% 
20 5b 50.65 -0.26 -1.33 0% 87% 0% 18% 
21 5b 52.3 0.09 -0.02 0% 61% 0% 43% 
22 5b 53.8 -0.78 -1.26 0% 84% 0% 16% 
23 5b 54.8 -1.29 -1.68 0% 90% 0% 15% 
24 5b 55.78 -1.21 -1.41 0% 91% 0% 9% 
24b 5b 56.75 -1.19 -1.49 0% 96% 0% 10% 
25 5b 57.6 -1.53 -1.92 0% 92% 0% 7% 
26 5b 59 -1.57 -2.08 0% 101% 0% 4% 
27 5b 60.13 -1.68 -2.10 0% 100% 0% 0% 
28 5b 61.2 -1.54 -1.79 0% 93% 0% 7% 
29 5b 62.9 -1.35 -1.91 0% 106% 0% 0% 
30 5b 63.95 -1.04 -1.65 0% 96% 0% 4% 
31 5b 65.75 -1.28 -2.04 0% 100% 0% 0% 
32 5b 66.6 -0.90 -1.78 0% 96% 0% 4% 
33 5b 67.6 -0.59 -1.20 0% 98% 0% 7% 
34 5b 68.6 -1.12 -1.87 0% 96% 0% 9% 
35 5b 69.95 -0.99 -1.43 0% 95% 0% 5% 
36 5b 70.85 -1.20 -1.95 0% 96% 0% 4% 
37 5b 71.7 -1.49 -2.04 0% 95% 0% 5% 
38 5b 72.65 -1.01 -1.85 0% 97% 0% 3% 
39 5b 73.15 -1.16 -1.85 0% 99% 0% 6% 
40 5b 74.9 -0.08 -0.56 0% 82% 0% 23% 
41 5b 75.95 -0.22 -0.55 0% 79% 0% 26% 
42 5b 77.28 -0.08 -1.07 0% 98% 0% 8% 
43 5b 78.6 -0.39 -1.55 0% 101% 0% 4% 
44 5b 79.55 0.16 -1.00 0% 100% 0% 5% 
45 5b 80.9 0.39 -0.81 0% 92% 0% 13% 
46 5b 81.95 0.35 -0.93 0% 90% 0% 15% 
47 5b 83.1 -0.19 -1.33 0% 100% 0% 3% 
48 5b 84.1 0.76 -0.37 0% 78% 0% 22% 
49 5b 85.5 0.65 -0.93 0% 95% 0% 5% 
50 5b 85.75 0.83 -0.56 0% 94% 0% 6% 
51 5b 86.75 0.98 -0.62 0% 83% 0% 17% 
52 5b 88.15 1.73 0.48 21% 68% 0% 15% 
53 5b 89.22 2.46 0.24 27% 27% 0% 48% 
54 5b 90.1 1.67 -0.39 30% 67% 0% 7% 
55 5b 91.3 2.15 0.48 32% 40% 0% 31% 
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CORE 5 (The 6 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
56 5b 92.65 1.97 0.09 20% 66% 0% 18% 
57 5b 93.7 1.95 0.02 39% 51% 0% 10% 
58 5b 94.4 2.10 0.16 24% 69% 0% 7% 
59 5b 95.75 2.05 -0.41 44% 50% 0% 6% 
60 5b 96.93 2.04 -0.20 23% 70% 
 
11% 
61 5b 98.1 2.27 0.18 45% 45% 0% 10% 
62 5b 99.05 2.30 0.18 33% 51% 
 
19% 
63 5b 100 2.19 0.65 46% 43% 0% 12% 
64 5b 100.9 2.07 0.65 36% 59% 0% 5% 
65 5b 101.85 1.92 0.85 60% 30% 0% 12% 
66 5b 103 1.23 -0.02 44% 43% 0% 13% 
67 5b 104 1.36 0.43 59% 25% 0% 15% 
68 5b 106.15 1.53 0.36 45% 50% 0% 5% 
69 5b 107.57 1.68 0.33 57% 38% 0% 7% 
70 5b 108.55 1.95 0.17 58% 40% 0% 4% 
71 5b 110.5 1.57 0.00 38% 66% 0% 0% 
72 5b 112.65 1.64 0.28 49% 44% 0% 10% 
73 5b 113.6 1.68 0.27 59% 34% 0% 9% 
74 5b 114.45 1.81 0.46 65% 20% 0% 16% 
75 5b 115.33 1.84 0.95 44% 46% 0% 10% 
76 5b 116.3 2.00 0.83 29% 61% 0% 9% 
77 5b 117.27 1.67 0.54 50% 35% 0% 15% 
78 5b 118.33 1.88 0.86 49% 32% 0% 19% 
79 5b 119.4 1.77 0.96 49% 40% 0% 10% 
80 5b 120.5 1.94 0.76 41% 31% 14% 14% 
81 5b 121.2 2.01 1.11 44% 34% 10% 13% 
82 5b 122.28 2.39 1.10 44% 32% 18% 6% 
83 5b 123.3 2.13 1.20 22% 61% 4% 12% 
84 5b 124.35 2.14 1.10 25% 0% 74% 5% 
85 5b 125.25 2.07 1.09 37% 49% 6% 8% 
86 5b 126.2 2.05 1.17 19% 65% 0% 16% 
87 5b 127.18 2.33 1.30 20% 36% 30% 14% 
88 5b 128.38 2.82 1.58 38% 22% 35% 5% 
89 5b 129.66 2.82 1.60 0% 49% 51% 0% 
90 5b 131.48 2.89 1.56 23% 0% 75% 6% 
91 5b 132.5 2.77 1.47 0% 33% 67% 0% 
92 5b 133.5 2.56 1.35 40% 20% 37% 2% 
93 5b 134.4 2.34 1.32 42% 5% 53% 0% 
94 5b 135.57 2.46 1.46 36% 30% 34% 0% 
95 5b 137.08 2.30 0.04 39% 30% 27% 3% 
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CORE 5 (The 6 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
96 5b 138.02 2.94 0.55 23% 0% 55% 19% 
97 5b 139.15 2.94 0.20 55% 0% 47% 0% 
98 5b 140.15 2.89 0.08 29% 0% 62% 0% 
99 5b 141.2 2.44 0.31 0% 0% 106% 0% 
100 5b 143.05 2.18 -0.06 42% 34% 20% 3% 
101 5b 144 2.17 -0.11 37% 38% 26% 0% 
102 5b 144.87 2.51 -0.01 67% 0% 35% 0% 
103 5b 146 2.39 -0.25 36% 11% 53% 0% 
104 5b 147 1.81 -1.11 63% 13% 19% 4% 
 
Table C2: Stable isotope and mineralogy for Core 4. Data in gray analyzed by Hernawati 
(2011). 
CORE 4 (The 15 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
1 4_1 0.37 -9.22 -1.94 0% 100% 0% 0% 
4 4_4 1.00 -5.19 -3.39 79% 21% 0% 0% 
8 4_8 2.10 -6.27 -3.56 34% 66% 0% 0% 
11 4_11 2.95 -5.02 -2.23 30% 70% 0% 0% 
15 4_15 4.05 -5.10 -2.55 5% 95% 0% 0% 
17 4_17 4.80 -4.79 -2.92 0% 100% 0% 0% 
19 4_19 5.90 -4.65 -2.26 0% 100% 0% 0% 
21 4_21 6.40 -4.64 -3.69 26% 74% 0% 0% 
22 4_22 7.55 -5.05 -3.91 17% 83% 0% 0% 
24 4_24 8.18 -3.15 -4.05 0% 100% 0% 0% 
27 4_27 9.00 -2.00 -3.97 0% 100% 0% 0% 
31 4_31 10.00 -1.89 -4.17 0% 100% 0% 0% 
34 4_34 10.80 -2.70 -3.22 0% 100% 0% 0% 
35 4_35 12.10 -4.54 -4.21 0% 100% 0% 0% 
38 4_38 12.95 -4.01 -3.10 0% 100% 0% 0% 
41 4_41 13.80 -2.34 -2.50 0% 100% 0% 0% 
45 4_45 14.95 -4.05 -3.13 0% 100% 0% 0% 
48 4_48 16.00 -2.80 -1.72 0% 100% 0% 0% 
51 4_51 16.80 -4.19 -3.64 0% 100% 0% 0% 
52 4_52 18.20 -2.59 -2.22 0% 100% 0% 0% 
55 4_55 19.30 -2.60 -2.35 0% 100% 0% 0% 
57 4_57 19.90 -2.87 -2.41 0% 100% 0% 0% 
58 4_58 20.40 -2.50 -2.19 0% 100% 0% 0% 
59 4_59 20.70 -2.88 -2.06 0% 100% 0% 0% 
61 4_61 21.35 -2.63 -2.16 0% 100% 0% 0% 
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CORE 4 (The 15 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
63 4_63 22.10 -2.84 -2.02 0% 100% 0% 0% 
66 4_66 22.95 -2.66 -1.96 0% 100% 0% 0% 
68 4_68 24.10 -2.30 -1.73 0% 97% 0% 3% 
70 4_70 25.00 -2.44 -3.23 0% 95% 0% 5% 
74 4_74 26.00 -1.99 -0.98 0% 99% 0% 1% 
77 4_77 26.90 -2.16 -1.16 0% 100% 0% 0% 
80 4_80 28.05 -2.03 -2.23 0% 100% 0% 0% 
84 4_84 29.00 -2.19 -2.07 0% 100% 0% 0% 
88 4_88 30.05 -2.01 -2.12 0% 100% 0% 0% 
91 4_91 31.05 -2.15 -2.29 0% 100% 0% 0% 
94 4_94 32.05 -1.57 -1.52 0% 100% 0% 0% 
97 4_97 33.03 -2.47 -2.34 0% 100% 0% 0% 
99 4_99 33.47 -2.34 -2.08 0% 100% 0% 0% 
100 4_100 34.55 -2.49 -2.04 0% 100% 0% 0% 
102 4_102 35.00 -2.34 -1.92 0% 100% 0% 0% 
105 4_105 36.20 -1.86 -1.96 0% 100% 0% 0% 
106 4_106 36.40 -1.96 -1.63 0% 100% 0% 0% 
107 4_107 37.50 -2.18 -2.21 0% 100% 0% 0% 
109 4_109 37.93 -1.99 -2.10 0% 100% 0% 0% 
111 4_111 39.05 -0.81 -0.52 0% 77% 0% 23% 
112 4_112 39.30 -0.26 0.24 0% 49% 0% 51% 
113 4_113 40.44 -1.04 -0.19 0% 53% 0% 47% 
114 4_114 40.82 -1.05 -0.59 0% 65% 0% 35% 
116 4_116 42.00 -1.57 -0.48 0% 55% 0% 45% 
119 4_119 42.85 -0.95 -0.18 0% 39% 0% 61% 
120 4_120 43.20 -1.09 -0.20 0% 46% 0% 54% 
123 4_123 44.05 -2.10 -2.44 0% 66% 0% 34% 
126 4_126 45.15 -1.72 -1.83 0% 93% 0% 7% 
128 4_128 46.15 -1.49 -1.17 0% 58% 0% 42% 
130 4_130 46.90 -1.89 -1.84 0% 52% 0% 48% 
133 4_133 48.10 -1.34 -1.57 0% 64% 0% 36% 
136 4_136 48.97 -1.16 -1.35 0% 75% 0% 25% 
139 4_139 50.00 -1.44 -1.71 0% 91% 0% 9% 
141 4_141 51.10 -1.89 -2.27 0% 86% 0% 14% 
142 4_142 51.35 -1.15 -1.46 0% 74% 0% 26% 
144 4_144 52.97 -1.27 -1.25 0% 87% 0% 13% 
145 4_145 53.62 -1.27 -1.74 0% 85% 0% 15% 
146 4_146 54.07 
  
0% 91% 0% 9% 
147 4_147 54.45 -0.50 -1.60 0% 95% 0% 5% 
150 4_150 55.15 -1.17 -1.96 0% 94% 0% 6% 
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CORE 4 (The 15 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
153 4_153 56.00 -0.79 -1.83 0% 91% 0% 9% 
156 4_156 56.90 -0.38 -1.42 0% 87% 0% 13% 
160 4_160 58.12 -0.46 -2.47 0% 98% 0% 2% 
163 4_163 59.00 0.78 -0.65 0% 74% 0% 26% 
164 4B-1 60.5 0.42 -0.91 0% 89% 0% 11% 
165 4B-2 61.5 0.22 -1.16 0% 96% 0% 4% 
166 4B-3 62.45 -0.16 -1.40 0% 94% 0% 6% 
167 4B-4 63.45 0.22 -1.09 0% 96% 0% 4% 
168 4B-5 64.5 -0.64 -1.36 0% 95% 0% 5% 
169 4B-6 65.65 -0.13 -1.26 0% 97% 0% 3% 
170 4B-7 67.05 0.07 -1.06 0% 96% 0% 4% 
171 4B-8 68.5 -0.21 -1.14 0% 96% 0% 4% 
172 4B-9 71.3 0.00 -1.13 0% 96% 0% 4% 
173 4B-10 74.17 0.14 -0.79 0% 86% 0% 14% 
174 4B-11 74.5 0.67 -0.55 0% 90% 0% 10% 
175 4B-12 75.75 1.17 -0.19 44% 52% 0% 4% 
176 4B-13 78.85 0.43 -0.93 22% 75% 0% 3% 
177 4B-14 80.15 0.51 -1.23 0% 93% 0% 7% 
178 4B-15 81.8 1.16 0.26 42% 38% 7% 9% 
179 4B-16 82.65 0.20 -0.14 47% 46% 0% 7% 
180 4B-17 83.55 0.82 -0.24 54% 42% 0% 6% 
181 4B-18 84.45 1.25 -0.58 20% 80% 0% 5% 
182 4B-19 85.45 0.83 -0.63 0% 96% 0% 4% 
183 4B-20 86.45 1.39 -0.24 13% 87% 0% 5% 
184 4B-21 87.8 1.55 0.62 35% 62% 0% 6% 
185 4B-22 89.15 1.35 -0.30 15% 81% 0% 9% 
186 4B-23 90.2 2.58 1.13 32% 21% 47% 0% 
187 4B-24 91.2 1.97 0.43 37% 0% 67% 0% 
188 4B-25 91.55 2.40 0.88 50% 13% 37% 0% 
189 4B-26 92.65 2.64 1.11 53% 13% 34% 0% 
190 4B-27 93.75 2.32 0.76 35% 31% 34% 0% 
191 4B-28 94.8 2.07 0.50 37% 27% 36% 0% 
192 4B-29 95.25 2.26 0.71 38% 32% 26% 4% 
193 4B-30 96.45 1.90 0.40 51% 22% 27% 0% 
194 4B-31 97.7 2.01 0.38 44% 38% 14% 4% 
195 4B-32 98.65 1.88 0.20 41% 30% 24% 5% 
196 4B-33 99.8 1.70 -0.04 46% 31% 18% 5% 
197 4B-34 100.95 1.96 0.51 57% 31% 12% 0% 
198 4B-35 102 1.67 -0.11 43% 46% 11% 0% 
199 4B-36 103.2 1.66 -0.11 59% 31% 2% 7% 
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CORE 4 (The 15 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
200 4B-37 104.65 1.67 -0.40 53% 0% 36% 13% 
201 4B-38 106.1 1.96 0.19 48% 44% 3% 4% 
202 4B-39 107.05 2.38 0.39 43% 23% 34% 0% 
203 4B-40 108.7 2.13 -0.13 67% 0% 29% 5% 
204 4B-41 110 2.13 0.02 47% 0% 51% 5% 
205 4B-42 110.95 1.74 -0.18 51% 0% 43% 9% 
206 4B-43 112.05 1.12 -0.76 52% 38% 4% 5% 
207 4B-44 112.2 2.38 0.11 47% 7% 42% 4% 
208 4B-45 112.4   62% 20% 18% 0% 
209 4B-46 113.3 1.59 -0.46 32% 48% 15% 5% 
210 4B-47 114.4 2.00 0.85 31% 23% 37% 9% 
 
Table C3: Stable isotope and mineralogy for Core 3. Data in gray analyzed by Hernawati 
(2011). 
CORE 3 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
1 3_1 0.00 -6.13 -3.62 0% 100% 0% 0% 
3 3_3 1.72 -4.56 -3.22 0% 100% 0% 0% 
4 3_4 2.62 -4.38 -3.44 0% 100% 0% 0% 
6 3_6 3.19 -3.99 -3.34 0% 100% 0% 0% 
7 3_7 4.58 -3.02 -3.11 0% 100% 0% 0% 
8 3_8 4.89 -2.90 -3.23 0% 100% 0% 0% 
9 3_9 6.01 -2.40 -3.23 0% 100% 0% 0% 
10 3_10 6.04 -2.11 -3.31 0% 100% 0% 0% 
11 3_11 6.09 -1.78 -3.18 0% 100% 0% 0% 
12 3_12 6.48 -3.59 -3.98 0% 100% 0% 0% 
14 3_14 7.07 -1.69 -4.18 0% 100% 0% 0% 
17 3_17 7.97 -2.13 -4.11 0% 100% 0% 0% 
20 3_20 8.75 -2.39 -4.40 0% 100% 0% 0% 
23 3_23 9.72 -3.62 -3.97 0% 100% 0% 0% 
27 3_27 10.86 -3.59 -3.55 0% 100% 0% 0% 
30 3_30 11.96 -3.55 -3.65 0% 100% 0% 0% 
31 3_31 12.26 -4.47 -3.47 0% 100% 0% 0% 
32 3_32 13.41 -5.35 -3.38 0% 100% 0% 0% 
34 3_34 13.98 -7.14 -3.30 0% 100% 0% 0% 
36 3_36 14.97 -4.77 -3.94 0% 100% 0% 0% 
38 3_38 15.74 -4.22 -3.36 0% 100% 0% 0% 
41 3_41 16.64 -5.06 -3.49 0% 100% 0% 0% 
45 3_45 17.64 -4.37 -3.43 0% 100% 0% 0% 
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CORE 3 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
48 3_48 18.99 -3.86 -2.93 0% 100% 0% 0% 
51 3_51 19.74 -3.26 -2.73 0% 100% 0% 0% 
52 3_52 20.64 -3.74 -3.06 0% 100% 0% 0% 
55 3_55 21.50 -3.35 -2.70 0% 100% 0% 0% 
56 3_56 22.68 -3.00 -2.69 0% 100% 0% 0% 
59 3_59 23.62 -3.14 -2.64 0% 100% 0% 0% 
62 3_62 24.34 -2.81 -2.60 0% 100% 0% 0% 
64 3_64 25.35 -3.29 -2.77 0% 100% 0% 0% 
67 3_67 26.34 -3.94 -2.70 0% 100% 0% 0% 
70 3_70 27.40 -3.42 -2.97 0% 100% 0% 0% 
73 3_73 28.47 -3.33 -2.65 0% 100% 0% 0% 
75 3_75 29.52 -3.41 -3.07 0% 100% 0% 0% 
78 3_78 30.68 -3.04 -2.59 0% 100% 0% 0% 
79 3_79 31.90 -3.37 -2.67 0% 100% 0% 0% 
80 3_80 32.90 -2.99 -2.43 0% 100% 0% 0% 
 
3_82 33.36 -2.97 -2.81 0% 100% 0% 0% 
84 3_84 34.40 -3.14 -2.54 0% 100% 0% 0% 
88 3_88 35.53 -3.56 -2.66 0% 100% 0% 0% 
91 3_91 36.67 -4.91 -3.11 0% 100% 0% 0% 
92 3_92 37.90 -4.38 -2.55 0% 100% 0% 0% 
93 3_93 38.10 -5.69 -3.02 0% 100% 0% 0% 
94 3_94 39.10 -3.96 -3.11 0% 100% 0% 0% 
96 3_96 40.31 -3.64 -2.70 0% 100% 0% 0% 
99 3_99 41.40 -3.64 -2.80 0% 100% 0% 0% 
102 3_102 42.40 -3.57 -3.44 0% 100% 0% 0% 
104 3_104 42.80 -2.91 -2.16 0% 38% 62% 0% 
105 3_105 44.05 -3.15 -2.61 0% 67% 33% 0% 
107 3_107 44.78 -2.66 -2.33 0% 66% 34% 0% 
108 3_108 45.50 -1.97 -1.28 0% 47% 53% 0% 
109 3_109 46.90 -2.50 -1.98 0% 59% 41% 0% 
110 3_110 47.00 -2.91 -2.42 0% 68% 32% 0% 
111 3_111 48.50 -2.34 -2.12 0% 67% 33% 0% 
113 3_113 49.90 -2.34 -1.89 0% 83% 17% 0% 
115 3_115 50.10 -2.22 -1.78 0% 89% 11% 0% 
119 3_119 51.10 -1.49 -1.02 0% 68% 32% 0% 
121 3_121 52.12 -0.56 -0.18 0% 58% 42% 0% 
125 3_125 53.27 -1.49 -1.43 0% 61% 39% 0% 
128 3_128 54.14 -1.44 -0.36 0% 34% 66% 0% 
130 3_130 54.62 -1.75 -0.66 0% 60% 40% 0% 
131 3_131 54.91 -1.42 -1.08 0% 93% 7% 0% 
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CORE 3 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
132 3_132 55.29 -1.58 -0.95 0% 65% 35% 0% 
133 3_133 55.49 -1.51 -0.49 0% 48% 52% 0% 
134 3_134 55.55 -1.51 -1.31 0% 80% 20% 0% 
138 3_138 56.60 -1.48 -0.70 0% 75% 25% 0% 
141 3_141 57.45 -1.47 -1.01 0% 85% 15% 0% 
144 3_144 58.45 -1.42 -1.06 0% 74% 26% 0% 
147 3_147 59.42 -0.98 -1.29 0% 98% 2% 0% 
150 3_150 60.33 -1.46 -1.11 0% 86% 14% 0% 
152 3_152 61.45 -0.53 -0.88 0% 89% 11% 0% 
155 3_155 62.46 -1.33 -1.42 0% 80% 20% 0% 
158 3_158 63.50 -0.44 -0.74 0% 79% 21% 0% 
161 3_161 64.60 -0.90 -1.06 0% 78% 22% 0% 
162 3_162 65.00 -1.31 -1.56 0% 100% 0% 0% 
165 3_165 65.92 -1.25 -1.54 0% 79% 21% 0% 
168 3_168 66.96 -0.38 -0.53 0% 48% 52% 0% 
171 3_171 67.83 -2.12 -1.68 0% 100% 0% 0% 
172 3_172 68.90 -1.81 -1.67 0% 92% 8% 0% 
174 3_174 69.40 -0.91 -1.37 0% 98% 2% 0% 
 
Table C4: Stable isotope and mineralogy for Core 1. Data in gray analyzed by Hernawati 
(2011). 
CORE 1 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
1 1_1 0.50 -2.81 -2.17 0% 100% 0% 0% 
3 1_3 1.10 -4.08 -3.10 0% 100% 0% 0% 
6 1_6 2.06 -3.99 -3.43 0% 100% 0% 0% 
9 1_9 2.92 -3.81 -3.58 0% 100% 0% 0% 
13 1_13 4.05 -5.64 -4.26 0% 100% 0% 0% 
17 1_17 5.05 -6.37 -3.71 0% 100% 0% 0% 
21 1_21 6.20 -3.74 -3.44 0% 100% 0% 0% 
24 1_24 7.04 -3.70 -3.13 0% 100% 0% 0% 
28 1_28 8.10 -3.50 -2.95 0% 100% 0% 0% 
29 1_29 9.20 -3.62 -2.68 0% 100% 0% 0% 
32 1_32 10.15 -4.33 -2.59 0% 100% 0% 0% 
34 1_34 11.00 -4.60 -2.37 0% 100% 0% 0% 
37 1_37 12.20 -4.99 -2.49 0% 100% 0% 0% 
38 1_38 12.45 -4.70 -2.70 0% 100% 0% 0% 
39 1_39 13.60 -5.39 -3.03 0% 100% 0% 0% 
41 1_41 14.00 -4.33 -3.04 0% 100% 0% 0% 
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CORE 1 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
45 1_45 15.04 -4.84 -2.69 0% 100% 0% 0% 
48 1_48 16.10 -4.30 -3.28 0% 100% 0% 0% 
51 1_51 17.00 -3.62 -3.57 0% 100% 0% 0% 
52 1_52 17.95 -4.88 -3.01 0% 100% 0% 0% 
56 1_56 19.20 -4.27 -2.80 0% 100% 0% 0% 
58 1_58 20.45 -3.94 -3.06 0% 100% 0% 0% 
61 1_61 21.00 -4.33 -2.31 0% 100% 0% 0% 
66 1_66 22.20 -5.10 -3.70 0% 100% 0% 0% 
69 1_69 23.15 -4.50 -3.24 0% 100% 0% 0% 
73 1_73 24.20 -4.52 -3.64 0% 100% 0% 0% 
75 1_75 25.00 -5.75 -5.30 0% 100% 0% 0% 
78 1_78 25.90 -4.19 -2.29 0% 100% 0% 0% 
80 1_80 27.00 -4.68 -3.54 0% 100% 0% 0% 
84 1_84 28.10 -4.83 -5.05 0% 100% 0% 0% 
85 1_85 28.90 -4.19 -2.52 0% 100% 0% 0% 
86 1_86 29.95 -4.48 -3.28 0% 100% 0% 0% 
90 1_90 31.06 -4.18 -2.31 0% 100% 0% 0% 
93 1_93 31.94 -3.77 -2.24 0% 100% 0% 0% 
94 1_94 33.00 -4.05 -2.00 0% 100% 0% 0% 
96 1_96 33.45 -4.67 -2.41 0% 100% 0% 0% 
97 1_97 34.35 -4.39 -2.25 0% 100% 0% 0% 
99 1_99 34.80 -4.60 -2.30 0% 100% 0% 0% 
103 1_103 36.15 -3.53 -2.32 0% 100% 0% 0% 
105 1_105 37.50 -4.19 -3.15 0% 100% 0% 0% 
107 1_107 37.90 -3.54 -3.02 0% 100% 0% 0% 
110 1_110 38.90 -3.75 -3.42 0% 100% 0% 0% 
111 1_111 39.20 -3.55 -2.76 0% 100% 0% 0% 
113 1_113 40.15 
  
0% 100% 0% 0% 
114 1_114 40.40 -3.11 -2.24 0% 100% 0% 0% 
116 1_116 41.00 -4.25 -3.30 0% 100% 0% 0% 
117 1_117 42.00 -3.40 -2.15 0% 100% 0% 0% 
120 1_120 42.50 -3.42 -2.06 0% 100% 0% 0% 
122 1_122 43.95 -3.16 -2.07 0% 100% 0% 0% 
123 1_123 45.20 -3.35 -1.91 0% 100% 0% 0% 
124 1_124 45.45 -3.44 -1.95 0% 100% 0% 0% 
125 1_125 46.70 -3.39 -2.35 0% 100% 0% 0% 
126 1_126 46.95 -3.18 -1.95 0% 100% 0% 0% 
127 1_127 48.00 -4.74 -2.38 0% 100% 0% 0% 
130 1_130 49.30 -3.30 -2.18 0% 100% 0% 0% 
132 1_132 50.00 -2.80 -2.12 0% 100% 0% 0% 
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CORE 1 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
134 1_134 50.90 -3.15 -2.14 0% 100% 0% 0% 
136 1_136 51.50 -4.26 -2.46 0% 100% 0% 0% 
137 1_137 52.90 -2.03 -2.06 0% 100% 0% 0% 
139 1B-1 53.05 -3.35 -3.01 0% 100% 0% 0% 
140 1B-2 54.6 -2.70 -1.92 0% 100% 0% 0% 
141 1B-3 55.6 -3.77 -2.39 0% 100% 0% 0% 
142 1B-4 59.4 -2.69 -1.46 0% 100% 0% 0% 
143 1B-5 60.85 -2.36 -1.71 0% 100% 0% 0% 
144 1B-6 62.4 -2.30 -1.54 0% 100% 0% 0% 
145 1B-7 64 -2.74 -1.62 0% 100% 0% 0% 
146 1B-8 65.75 -3.08 -1.85 0% 100% 0% 0% 
147 1B-9 67.2   0% 100% 0% 0% 
148 1B-10 67.9 -3.22 -2.29 0% 100% 0% 0% 
149 1B-11 68.85   0% 100% 0% 0% 
150 1B-12 69.95 -2.55 -2.16 0% 100% 0% 0% 
151 1B-13 71.5 -3.48 -2.80 0% 100% 0% 0% 
152 1B-14 72.55 -3.49 -2.43 0% 100% 0% 0% 
153 1B-15 73.7 -2.77 -2.02 0% 100% 0% 0% 
154 1B-16 74.6 -3.05 -2.16 0% 100% 0% 0% 
155 1B-17 75.8 -2.94 -2.12 0% 100% 0% 0% 
156 1B-18 77.05 -3.24 -2.34 0% 100% 0% 0% 
157 1B-19 78.1 -2.89 -2.31 0% 100% 0% 0% 
158 1B-20 79 -1.67 -1.72 0% 100% 0% 0% 
159 1B-21 80 -2.83 -1.97 0% 100% 0% 0% 
160 1B-22 81.65 -2.93 -2.47 0% 100% 0% 0% 
161 1B-23 83.15 -2.73 -2.38 0% 100% 0% 0% 
162 1B-24 84.15 -2.28 -2.26 0% 100% 0% 0% 
163 1B-25 85.3 -3.12 -1.98 0% 100% 0% 0% 
164 1B-26 87.15 -3.36 -1.95 0% 100% 0% 0% 
165 1B-27 88.05 -3.20 -2.09 0% 100% 0% 0% 
166 1B-28 89.4 -2.66 -1.85 0% 100% 0% 0% 
167 1B-29 92.2 -1.43 -2.18 0% 100% 0% 0% 
168 1B-30 93.65 -1.02 -1.70 0% 100% 0% 0% 
139 1B-1 53.05 -3.35 -3.01 0% 100% 0% 0% 
140 1B-2 54.6 -2.70 -1.92 0% 100% 0% 0% 
141 1B-3 55.6 -3.77 -2.39 0% 100% 0% 0% 
142 1B-4 59.4 -2.69 -1.46 0% 100% 0% 0% 
143 1B-5 60.85 -2.36 -1.71 0% 100% 0% 0% 
144 1B-6 62.4 -2.30 -1.54 0% 100% 0% 0% 
145 1B-7 64 -2.74 -1.62 0% 100% 0% 0% 
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CORE 1 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
146 1B-8 65.75 -3.08 -1.85 0% 100% 0% 0% 
147 1B-9 67.2     0% 100% 0% 0% 
148 1B-10 67.9 -3.22 -2.29 0% 100% 0% 0% 
149 1B-11 68.85     0% 100% 0% 0% 
150 1B-12 69.95 -2.55 -2.16 0% 100% 0% 0% 
151 1B-13 71.5 -3.48 -2.80 0% 100% 0% 0% 
152 1B-14 72.55 -3.49 -2.43 0% 100% 0% 0% 
153 1B-15 73.7 -2.77 -2.02 0% 100% 0% 0% 
154 1B-16 74.6 -3.05 -2.16 0% 100% 0% 0% 
155 1B-17 75.8 -2.94 -2.12 0% 100% 0% 0% 
156 1B-18 77.05 -3.24 -2.34 0% 100% 0% 0% 
157 1B-19 78.1 -2.89 -2.31 0% 100% 0% 0% 
158 1B-20 79 -1.67 -1.72 0% 100% 0% 0% 
159 1B-21 80 -2.83 -1.97 0% 100% 0% 0% 
160 1B-22 81.65 -2.93 -2.47 0% 100% 0% 0% 
161 1B-23 83.15 -2.73 -2.38 0% 100% 0% 0% 
162 1B-24 84.15 -2.28 -2.26 0% 100% 0% 0% 
163 1B-25 85.3 -3.12 -1.98 0% 100% 0% 0% 
164 1B-26 87.15 -3.36 -1.95 0% 100% 0% 0% 
165 1B-27 88.05 -3.20 -2.09 0% 100% 0% 0% 
166 1B-28 89.4 -2.66 -1.85 0% 100% 0% 0% 
167 1B-29 92.2 -1.43 -2.18 0% 100% 0% 0% 
168 1B-30 93.65 -1.02 -1.70 0% 100% 0% 0% 
 
 
Table C5: Stable isotope and mineralogy for Core 2. 
CORE 2 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
1 2_1 0.50 -8.75 -4.04 0% 100% 0% 0% 
2 2_2 1.00 -4.74 -3.86 0% 100% 0% 0% 
5 2_5 2.00 -7.95 -4.11 0% 100% 0% 0% 
8 2_8 2.92 -5.67 -4.13 0% 100% 0% 0% 
9 2_9 3.14 -4.47 -3.20 0% 100% 0% 0% 
12 2_12 3.98 -3.93 -2.99 0% 100% 0% 0% 
16 2_16 5.00 -5.28 -3.32 0% 100% 0% 0% 
19 2_19 6.02 -5.14 -3.83 0% 100% 0% 0% 
23 2_23 7.10 -7.14 -3.88 0% 100% 0% 0% 
24 2_24 7.40 -6.03 -3.41 0% 100% 0% 0% 
25 2_25 7.70 -8.05 -4.24 0% 100% 0% 0% 
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CORE 2 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
26 2_26 8.00 -6.60 -4.98 0% 100% 0% 0% 
30 2_27C 9.08 -8.74 -4.00 0% 100% 0% 0% 
34 2_28 9.50 -5.83 -3.76 0% 100% 0% 0% 
36 2_30 11.00 -6.73 -3.44 0% 100% 0% 0% 
37 2_31 12.30 -6.68 -3.55 0% 100% 0% 0% 
39 2_33 13.40 -3.83 -3.77 0% 100% 0% 0% 
41 2_35 13.90 -2.74 -3.68 0% 100% 0% 0% 
42 2_36 14.80 -4.21 -3.45 0% 100% 0% 0% 
46 2_40 15.90 -3.11 -3.89 0% 100% 0% 0% 
48 2_42 16.70 -3.30 -3.86 0% 100% 0% 0% 
50 2_44 17.60 -2.42 -4.20 0% 100% 0% 0% 
52 2_46 18.45 -3.87 -3.69 0% 100% 0% 0% 
53 2_47 19.40 -2.79 -3.86 0% 100% 0% 0% 
56 2_50 20.50 -3.98 -3.80 0% 100% 0% 0% 
59 2_53 21.40 -4.93 -3.47 0% 100% 0% 0% 
60 2_54 22.43 -4.58 -3.55 0% 100% 0% 0% 
63 2_57 23.00 -5.10 -3.73 0% 100% 0% 0% 
64 2_58 23.70 -4.97 -3.47 0% 100% 0% 0% 
66 2_60 24.50 -5.78 -3.28 0% 100% 0% 0% 
67 2_61 26.00 -5.78 -3.25 0% 100% 0% 0% 
68 2_62 27.50 -4.89 -3.20 0% 100% 0% 0% 
69 2_63 28.60 -5.14 -3.27 0% 100% 0% 0% 
71 2_65 29.00 -5.08 -3.28 0% 100% 0% 0% 
72 2_66 30.30 -4.66 -3.18 0% 100% 0% 0% 
73 2_67 31.60 -4.97 -2.99 0% 100% 0% 0% 
74 2_68 32.00 -4.71 -2.55 0% 100% 0% 0% 
75 2_69 33.20 -4.96 -2.43 0% 100% 0% 0% 
78 2_72 35.00 -4.43 -2.97 0% 100% 0% 0% 
79 2_73 36.30 -4.61 -3.04 0% 100% 0% 0% 
80 2_74 37.80 -4.03 -2.85 0% 100% 0% 0% 
81 2_75 38.80 -3.48 -2.51 0% 100% 0% 0% 
82 2_76 39.30 -4.03 -2.62 0% 100% 0% 0% 
83 2_77 40.30 -3.36 -2.67 0% 100% 0% 0% 
85 2_79 40.95 -3.75 -2.19 0% 100% 0% 0% 
86 2_80 42.00 -3.44 -2.71 0% 100% 0% 0% 
90 2_84 43.00 -3.54 -2.47 0% 100% 0% 0% 
94 2_88 44.00 
  
0% 100% 0% 0% 
95 2_89 44.75 -5.15 -4.65 0% 100% 0% 0% 
96 2_90 45.00 -4.65 -3.46 0% 100% 0% 0% 
98 2_92 46.15 -4.96 -4.79 0% 100% 0% 0% 
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CORE 2 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
101 2_95 46.95 -4.39 -3.50 0% 100% 0% 0% 
102 2_96 48.15 -3.85 -2.96 0% 100% 0% 0% 
104 2_98 48.50 -5.02 -3.22 0% 100% 0% 0% 
105 2_99 49.55 -4.28 -2.95 0% 100% 0% 0% 
107 2_101 49.85 -4.57 -2.95 0% 100% 0% 0% 
108 2_102 50.80 -4.64 -3.25 0% 100% 0% 0% 
112 2_106 51.90 
  
0% 100% 0% 0% 
116 2_110 52.85 -2.47 -1.92 0% 100% 0% 0% 
117 2_111 54.00 -2.89 -2.55 0% 100% 0% 0% 
118 2_112 54.20 -1.99 -2.07 0% 100% 0% 0% 
119 2_113 54.32 -2.36 -2.32 0% 100% 0% 0% 
 
Table C6: Stable isotope and mineralogy for Core 6.  
CORE 6 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
1 6_1 0.06 -4.00 -4.49 0% 100% 0% 0% 
2 6_2 1.05 -7.19 -4.19 0% 100% 0% 0% 
3 6_3 1.98 -5.42 -4.97 0% 100% 0% 0% 
4 6_4 3.00 -7.48 -5.21 0% 100% 0% 0% 
5 6_5 4.05 -5.88 -4.86 0% 100% 0% 0% 
6 6_6 5.06 -5.40 -5.45 0% 100% 0% 0% 
7 6_7 6.08 -5.57 -5.02 0% 100% 0% 0% 
8 6_8 7.94 -6.83 -3.93 0% 100% 0% 0% 
9 6_9 9.42 -4.03 -4.50 0% 100% 0% 0% 
10 6_10 10.95 -5.10 -4.83 0% 100% 0% 0% 
11 6_11 11.12 -3.78 -4.90 0% 100% 0% 0% 
12 6_12 12.45 -3.39 -5.58 0% 100% 0% 0% 
13 6_13 13.20 -2.76 -5.17 0% 100% 0% 0% 
14 6_14 16.22 -2.68 -4.66 0% 100% 0% 0% 
15 6_15 17.44 -2.71 -4.74 0% 100% 0% 0% 
16 6_16 18.60 -2.41 -4.56 0% 100% 0% 0% 
17 6_17 22.90 -4.57 -5.24 0% 100% 0% 0% 
18 6_18 24.75 -5.80 -5.06 0% 100% 0% 0% 
19 6_19 26.25 -3.67 -5.02 0% 100% 0% 0% 
20 6_20 27.75 -3.46 -5.03 0% 100% 0% 0% 
21 6_21 29.95 -2.99 -5.42 0% 100% 0% 0% 
22 6_22 30.65 -2.08 -5.23 0% 100% 0% 0% 
23 6_23 31.45 -2.84 -5.08 0% 100% 0% 0% 
24 6_24 32.35 -3.18 -4.78 0% 100% 0% 0% 
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CORE 6 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
25 6_25 33.65 -3.17 -3.76 0% 100% 0% 0% 
26 6_26 34.30 -3.15 -3.58 0% 100% 0% 0% 
27 6_27 35.32 -3.35 -3.63 0% 100% 0% 0% 
28 6_28 36.05 -3.50 -4.08 0% 87% 0% 0% 
29 6_29 38.20 -3.15 -3.22 0% 100% 0% 0% 
30 6_30 39.70 -3.96 -3.98 0% 100% 0% 0% 
31 6_31 41.15 -3.71 -3.08 0% 100% 0% 0% 
32 6_32 42.95 -3.30 -3.24 0% 100% 0% 0% 
33 6_33 44.80 -3.15 -2.79 0% 100% 0% 0% 
34 6_34 46.25 -2.71 -2.60 0% 100% 0% 0% 
35 6_35 47.82 -2.85 -2.65 0% 100% 0% 0% 
36 6_36 49.50 -2.20 -2.29 0% 100% 0% 0% 
37 6_37 50.80 -2.59 -2.60 0% 100% 0% 0% 
38 6_38 51.45 -2.50 -2.35 0% 100% 0% 0% 
39 6_39 52.80 -2.05 -1.98 0% 100% 0% 0% 
40 6_40 53.84 -2.59 -2.09 0% 100% 0% 0% 
41 6_41 55.86 -3.04 -2.68 0% 100% 0% 0% 
42 6_42 56.92 -3.16 -2.35 0% 100% 0% 0% 
43 6_43 58.26 -1.77 -1.75 0% 100% 0% 0% 
44 6_44 59.47 -4.28 -2.76 0% 100% 0% 0% 
45 6_45 61.00 -1.74 -2.17 0% 100% 0% 0% 
46 6_46 62.24 -1.54 -1.52 0% 100% 0% 0% 
47 6_47 63.64 -1.44 -2.16 0% 100% 0% 0% 
48 6_48 64.64 -1.23 -1.80 0% 100% 0% 0% 
49 6_49 65.50 -1.70 -1.79 0% 100% 0% 0% 
50 6_50 66.95 -1.76 -2.29 0% 100% 0% 0% 
51 6_51 67.93 -0.91 -2.10 0% 100% 0% 0% 
52 6_52 68.85 -0.93 -1.80 0% 100% 0% 0% 
53 6_53 70.00 -1.76 -2.62 0% 100% 0% 0% 
54 6_54 71.00 -1.38 -2.10 0% 100% 0% 0% 
55 6_55 72.35 -1.83 -2.08 0% 100% 0% 0% 
56 6_56 73.30 -2.54 -1.86 0% 100% 0% 0% 
57 6_57 74.43 -0.07 -0.76 0% 100% 0% 0% 
58 6_58 75.71 -0.16 -1.77 0% 100% 0% 0% 
59 6_59 76.68 -0.31 -1.05 0% 100% 0% 0% 
60 6_60 77.60 -1.84 -2.01 0% 100% 0% 0% 
61 6_61 78.10 -1.38 -1.72 0% 100% 0% 0% 
62 6_62 79.18 -1.00 -1.25 0% 100% 0% 0% 
63 6_63 80.50 0.19 -0.96 0% 100% 0% 0% 
64 6_64 81.70 -2.12 -1.67 0% 100% 0% 0% 
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CORE 6 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
65 6_65 82.70 -3.73 -2.34 0% 100% 0% 0% 
66 6_66 83.68 -1.62 -1.77 0% 100% 0% 0% 
67 6_67 84.88 -2.27 -1.94 0% 100% 0% 0% 
68 6_68 86.00 -1.43 -2.04 0% 100% 0% 0% 
69 6_69 87.47 -1.32 -1.62 0% 100% 0% 0% 
70 6_70 89.37 -1.63 -1.57 0% 100% 0% 0% 
71 6_71 90.53 -1.20 -1.78 0% 100% 0% 0% 
72 6_72 92.10 -1.81 -1.53 0% 100% 0% 0% 
73 6_73 93.50 -0.01 -0.76 0% 100% 0% 0% 
74 6_74 94.56 -0.12 -1.61 0% 100% 0% 0% 
75 6_75 96.50 -1.16 -1.73 0% 100% 0% 0% 
76 6_76 97.45 -1.77 -1.86 0% 100% 0% 0% 
77 6_77 98.50 -2.31 -1.62 0% 100% 0% 0% 
78 6_78 101.56 -3.37 -2.33 0% 100% 0% 0% 
 
Table C7: Stable isotope and mineralogy for Core 7.  
CORE 7 (The 50 m Terrace) 
 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
1 7_1 0.13 -7.65 -3.66 0% 100% 0% 0% 
2 7_2 0.95 -5.18 -3.59 0% 100% 0% 0% 
3 7_3 2.14 -6.12 -3.54 0% 100% 0% 0% 
4 7_4 3.50 -5.29 -3.98 0% 100% 0% 0% 
5 7_5 4.50 -5.18 -4.72 0% 100% 0% 0% 
6 7_6 6.00 -6.33 -4.13 0% 100% 0% 0% 
7 7_7 7.55 -4.27 -4.41 0% 100% 0% 0% 
8 7_8 8.50 -3.79 -4.06 0% 100% 0% 0% 
9 7_9 9.75 -3.06 -4.49 0% 100% 0% 0% 
10 7_10 12.00 -2.64 -4.59 0% 100% 0% 0% 
11 7_11 14.40 -3.35 -4.94 0% 100% 0% 0% 
12 7_12 17.15 -3.12 -4.47 0% 100% 0% 0% 
13 7_13 17.65 -5.19 -4.04 0% 100% 0% 0% 
14 7_14 21.80 -6.25 -4.67 0% 100% 0% 0% 
15 7_15 23.60 -4.30 -4.15 0% 100% 0% 0% 
16 7_16 25.00 -4.21 -3.62 0% 100% 0% 0% 
17 7_17 26.10 -4.01 -3.62 0% 100% 0% 0% 
18 7_18 26.30 -4.32 -3.92 0% 100% 0% 0% 
19 7_19 27.00 -5.29 -3.82 0% 100% 0% 0% 
20 7_20 28.30 -4.70 -3.85 0% 100% 0% 0% 
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CORE 7 (The 50 m Terrace) 
 
No. Code Sample 
Depth 
(m) 
Isotope (‰VPDB) Mineralogy % 
C O Aragonite LMC HMC Dolomite 
21 7_21 29.60 -4.46 -3.82 0% 100% 0% 0% 
22 7_22 30.70 -4.83 -3.33 0% 100% 0% 0% 
23 7_23 33.00 -4.78 -3.50 0% 100% 0% 0% 
24 7_24 35.20 -4.65 -3.26 0% 100% 0% 0% 
26 7_25 38.40 -3.84 -2.67 0% 100% 0% 0% 
27 7_26 40.40 -4.90 -3.05 0% 100% 0% 0% 
28 7_27 42.60 -5.20 -3.10 0% 100% 0% 0% 
29 7_28 44.30 -5.01 -3.24 0% 100% 0% 0% 
29B 7_29 46.05 -3.85 -2.73 0% 100% 0% 0% 
30 7_30 47.00 -4.12 -2.90 0% 100% 0% 0% 
31 7_31 48.60 -2.94 -2.48 0% 100% 0% 0% 
32 7_32 50.55 -3.44 -2.57 0% 100% 0% 0% 
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Table C8: Trace element data for Core 5. 
CORE 5 (The 6 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
1 5_1 0.00 38 876 41 40 24 5074 
8 5_9 1.03 37 1076 42 33 2 5652 
14 5_15 1.95 38 2830 107 23 4 2027 
19 5_20 3.00 40 2192 101 16 17 2302 
25 5_26 3.98 39 1996 2 6 2 2708 
31 5_32 4.96 38 2778 58 20 14 1309 
33 5_34 5.88 45 2388 220 30 20 986 
36 5_37 6.48 40 2582 288 25 16 916 
40 5_41 7.97 46 3214 467 44 30 2761 
44 5_45 8.93 44 2224 447 51 15 1738 
49 5_50 9.92 44 3124 185 40 7 1820 
55 5_56 11.00 37 3941 458 39 16 945 
58 5_59 11.81 41 4095 665 65 29 886 
60 5_61 12.47 38 3778 641 79 40 1085 
63 5_64 13.90 38 3689 389 68 32 778 
64 5_65 15.00 38 3821 410 66 29 709 
69 5_70 16.10 31 3743 264 61 61 653 
80 5_81 17.99 37 5079 456 217 36 881 
84 5_85 18.91 37 4663 324 160 13 507 
90 5_91 19.96 38 5528 348 130 26 1036 
1 5b_8 29.30 38 5435 1333 403 43 832 
2 5b_9 33.73 39 4305 1239 417 38 841 
3 5b_10 37.45 37 4938 767 237 36 824 
4 5b_11 38.70 36 5238 1403 475 56 884 
5 5b_12 41.75 34 5499 3299 1100 102 2065 
6 5b_13 43.28 33 4550 3804 1458 87 1783 
7 5b_14 44.25 35 5347 2732 982 64 1228 
8 5b_21 52.30 27 8456 1390 159 44 487 
9 5b_22 53.80 32 6593 1067 168 36 627 
10 5b_23 54.80 29 5501 1039 225 27 530 
11 5b_25 57.60 34 4932 622 177 19 621 
12 5b_26 59.00 32 3650 456 116 13 589 
13 5b_27 60.13 34 3297 285 71 11 558 
14 5b_28 61.20 40 4604 450 155 19 701 
15 5b_29 62.90 38 3527 373 65 27 642 
16 5b_30 63.95 38 4471 609 123 38 702 
17 5b_31 65.75 37 3738 448 114 31 663 
18 5b_32 66.60 37 4073 432 117 33 658 
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CORE 5 (The 6 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
19 5b_33 67.60 38 7127 833 184 47 687 
20 5b_34 68.60 38 4431 481 163 37 665 
21 5b_35 69.95 38 5886 745 238 52 639 
22 5b_36 70.85 37 4539 429 172 38 658 
23 5b_37 71.70 36 3737 345 66 28 558 
24 5b_38 72.65 38 4105 387 122 29 676 
25 5b_39 73.15 37 4565 748 382 41 649 
26 5b_40 74.9 34 8022 4064 216 63 629 
27 5b_41 75.95 35 6866 656 164 27 662 
28 5b_43 78.6 36 4149 461 161 25 675 
29 5b_45 80.9 39 6933 1286 417 34 772 
30 5b_46 81.95 37 6459 660 165 25 706 
31 5b_47 83.1 38 5036 381 75 23 724 
32 5b_48 84.1 37 7594 734 165 30 741 
33 5b_49 85.5 39 5908 673 139 29 852 
34 5b_50 85.75 37 5886 1043 273 34 788 
35 5b_51 86.75 36 6492 812 159 31 922 
36 5b_52 88.15 32 7700 758 199 26 1419 
37 5b_53 89.22 34 6446 371 127 21 1870 
38 5b_54 90.1 34 5717 604 276 30 1758 
39 5b_55 91.3 43 9419 704 170 39 1877 
40 5b_56 92.65 35 7350 604 155 27 1554 
41 5b_57 93.7 34 6168 752 245 28 1941 
42 5b_58 94.4 36 6010 1508 457 37 1591 
43 5b_59 95.75 35 6336 605 212 24 1838 
44 5b_60 96.93 35 6742 796 236 33 1906 
45 5b_61 98.1 36 6832 1378 342 55 1959 
46 5b_62 99.05 34 6717 2083 417 50 1994 
47 5b_63 100 37 6482 1347 390 47 2281 
48 5b_64 100.9 34 6088 1054 401 43 1703 
49 5b_65 101.85 35 6436 1882 497 45 2456 
50 5b_66 103 33 6567 1450 503 55 2046 
51 5b_67 104 34 7420 2820 1038 82 2451 
52 5b_68 106.15 35 6601 732 336 39 2426 
53 5b_69 107.57 37 5968 654 327 29 2894 
54 5b_70 108.55 36 5616 532 170 26 2393 
55 5b_71 110.5 36 4884 326 106 16 1969 
56 5b_80 120.5 35 6728 611 263 30 2070 
57 5b-83 123.3 34 7210 1255 487 49 1775 
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CORE 5 (The 6 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
58 5b-84 124.35 34 7227 1106 513 57 1784 
59 5b-85 125.25 38 7004 1440 544 66 2102 
60 5b-86 126.2 36 7371 1401 604 66 1786 
61 5b_87 127.18 35 7474 1960 892 76 2237 
62 5b_88 128.38 33 7473 1535 680 79 1761 
63 5b_89 129.66 37 7038 1167 331 72 1033 
64 5b_90 131.48 31 7488 2160 878 77 1695 
65 5b_91 132.5 37 6850 815 248 134 911 
66 5b_92 133.5 32 7255 2019 626 86 1761 
67 5b_93 134.4 33 7147 2142 839 86 2183 
68 5b_94 135.57 34 6976 1780 743 92 2021 
69 5b_95 137.08 34 6573 1810 610 81 2281 
70 5b_96 138.02 34 7277 2112 718 68 1810 
71 5b_97 139.15 34 6994 766 197 32 1900 
72 5b_98 140.15 32 6829 998 273 29 1925 
73 5b_99 141.2 34 8115 3476 2047 116 1786 
74 5b_100 143.05 32 6358 2319 826 61 1994 
75 5b_101 144 32 6319 2618 880 63 2425 
76 5b_102 144.87 32 6003 1303 439 67 2616 
77 5b_103 146 32 6722 3118 947 90 2114 
78 5b-104 147 33 5971 5014 1227 85 2443 
 
Table C9: Trace element data for Core 4. 
CORE 4 (The 15 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
1 4_1 0.37 35 2111 722 126 59 1316 
4 4_4 1.00 38 2352 289 45 8 2976 
8 4_8 2.10 36 3016 416 59 11 1975 
11 4_11 2.95 40 3738 413 49 15 1950 
15 4_15 4.05 37 4795 284 35 12 767 
17 4_17 4.80 38 5558 428 34 26 997 
19 4_19 5.90 38 5523 431 23 19 918 
21 4_21 6.40 36 4447 239 28 15 1307 
22 4_22 7.55 38 4713 454 46 24 1042 
24 4_24 8.18 36 3970 212 28 8 896 
27 4_27 9.00 37 3372 98 22 6 1306 
31 4_31 10.00 37 4114 85 19 18 1433 
34 4_34 10.80 37 4704 235 39 12 797 
35 4_35 12.10 36 4656 194 36 11 905 
38 4_38 12.95 37 5403 212 52 10 805 
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CORE 4 (The 15 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
39 4_39 13.20 38 5550 244 64 11 719 
41 4_41 13.80 39 5802 292 59 9 1280 
45 4_45 14.95 38 5130 321 95 20 432 
48 4_48 16.00 38 5284 211 52 19 508 
49 4_49 16.20 34 4368 181 44 10 543 
51 4_51 16.80 39 4904 139 29 11 633 
52 4_52 18.20 38 5731 100 25 40 576 
55 4_55 19.30 37 4931 227 75 13 843 
57 4_57 19.90 37 4684 198 59 14 836 
58 4_58 20.40 36 4605 130 37 10 562 
59 4_59 20.70 42 4890 199 54 15 612 
61 4_61 21.35 37 4600 156 61 11 646 
63 4_63 22.10 36 4273 156 59 10 602 
66 4_66 22.95 40 4346 209 57 12 535 
68 4_68 24.10 39 5103 190 49 12 659 
70 4_70 25.00 41 6536 146 38 14 967 
74 4_74 26.00 39 5705 108 38 10 769 
77 4_77 26.90 39 5461 66 37 13 623 
80 4_80 28.05 38 4653 84 31 16 705 
84 4_84 29.00 38 4401 152 48 16 612 
88 4_88 30.05 40 4560 130 35 25 705 
91 4_91 31.05 39 4539 180 57 19 695 
94 4_94 32.05 39 4166 137 28 11 629 
97 4_97 33.03 38 4092 124 57 17 579 
99 4_99 33.47 38 4581 100 48 13 636 
100 4_100 34.55 39 4297 107 64 13 625 
102 4_102 35.00 40 4117 139 46 20 806 
105 4_105 36.20 38 4585 159 64 24 885 
106 4_106 36.40 39 3893 216 82 23 699 
107 4_107 37.50 48 5850 402 113 37 894 
109 4_109 37.93 41 4178 198 36 43 621 
111 4_111 39.05 35 11602 294 74 36 682 
112 4_112 39.30 28 13639 8 73 30 542 
113 4_113 40.44 30 15793 30 119 36 577 
114 4_114 40.82 28 12607 190 71 25 582 
116 4_116 42.00 31 11968 70 57 22 594 
119 4_119 42.85 28 12752 10 116 27 543 
120 4_120 43.20 25 13414 148 104 30 473 
123 4_123 44.05 28 11642 202 70 32 549 
126 4_126 45.15 37 11624 547 127 41 879 
128 4_128 46.15 33 14985 48 110 47 613 
130 4_130 46.90 30 12725 69 91 39 605 
133 4_133 48.10 32 9722 150 73 27 659 
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CORE 4 (The 15 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
136 4_136 48.97 33 8810 19 77 23 623 
139 4_139 50.00 37 9857 590 129 30 798 
141 4_141 51.10 37 10121 915 278 36 804 
142 4_142 51.35 30 7408 88 199 26 629 
144 4_144 52.97 37 10089 937 308 33 778 
145 4_145 53.62 38 8103 576 153 26 785 
146 4_146 54.07 39 7924 454 107 23 856 
147 4_147 54.45 37 8364 504 165 25 950 
150 4_150 55.15 38 6454 474 119 21 768 
153 4_153 56.00 37 8494 722 239 24 876 
156 4_156 56.90 41 8375 481 135 26 999 
160 4_160 58.12 38 7379 212 55 17 1222 
163 4_163 59.00 33 13083   140 26 984 
164 4b_1 60.50 33 5269 367 116 21 717 
165 4b_2 61.50 38 4499 400 152 19 887 
166 4b_3 62.45 36 4659 329 163 16 701 
167 4b_4 63.45 37 4769 477 183 22 810 
168 4b_5 64.50 38 5187 525 164 18 652 
169 4b_15 81.80 37 6423 6091 2521 97 2804 
170 4b_16 82.65 27 5395 8511 3683 121 2395 
171 4b_17 83.55 37 6370 3850 1656 65 2824 
172 4b_18 84.45 43 5614 946 402 40 1919 
173 4b_19 85.45 37 4768 536 225 33 1280 
174 4b_20 86.45 38 5264 701 131 37 1394 
175 4b_21 87.80 33 5781 3552 1640 64 2288 
176 4b_22 89.15 36 4998 865 230 36 1384 
177 4b_23 90.20 32 6662 699 373 26 1646 
178 4b_24 91.20 34 5491 676 320 30 1931 
179 4b_25 91.55 33 6493 409 240 20 1810 
180 4b_26 92.65 32 6705 471 237 25 1827 
181 4b_27 93.75 35 6936 473 214 21 1925 
182 4b_28 94.80 36 6374 401 106 24 2246 
183 4b_29 95.25 39 6682 662 240 31 2331 
184 4b_30 96.45 33 5829 2668 519 46 2121 
185 4b_31 97.70 38 6922 1983 760 53 2383 
186 4b_32 98.65 37 6330 1685 694 39 2392 
187 4b_33 99.80 33 5104 926 362 23 2396 
188 4b_34 100.95 38 6207 2625 1018 55 2372 
189 4b_35 102.00 34 5707 1358 505 31 2574 
190 4b_36 103.20 35 6076 944 357 29 2754 
191 4b_37 104.65 33 5191 609 151 23 2585 
192 4b_38 106.10 36 5983 1418 608 45 2439 
193 4b_39 107.05 33 6020 1812 732 51 2190 
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CORE 4 (The 15 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
194 4b_40 108.70 33 5588 2225 691 41 2728 
195 4b_41 110.00 33 5079 1666 663 40 2495 
196 4b_42 110.95 30 5227 3702 955 62 2550 
197 4b_43 112.05 28 5498 5501 1699 91 2029 
198 4b_44 112.20 36 6320 6560 2591 124 2413 
199 4b_45 112.40 30 5474 3679 1268 86 2272 
200 4b_46 113.30 32 5774 3614 1013 88 2063 
201 4b_47 114.40 30 6367 2330 827 81 1776 
 
Table C10: Trace element data for Core 3. 
CORE 3 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
1 3_1 0.61 40 5061 655 82 17 976 
2 3_2 1.41 40 5710 495 45 17 918 
3 3_3 1.72 39 5628 457 55 16 894 
4 3_4 2.62 39 5967 467 49 23 880 
5 3_5 2.83 41 5836 429 57 18 1055 
6 3_6 3.19 39 5521 414 45 19 990 
7 3_7 4.58 39 5457 423 41 17 832 
8 3_8 4.89 39 5684 478 58 22 958 
9 3_9 6.01 40 5851 453 39 36 926 
10 3_10 6.04 39 4895 327 38 19 762 
11 3_11 6.09 38 5286 403 40 23 846 
12 3_12 6.48 38 3829 336 29 22 780 
13 3_13 6.72 44 4369 406 46 20 1050 
14 3_14 7.07 40 3973 346 43 20 1220 
15 3_15 7.37 37 3204 345 34 15 1096 
16 3_16 7.67 42 4275 334 20 24 1163 
17 3_17 7.97 39 4271 281 14 23 1224 
18 3_18 8.19 41 3751 201 14 16 1464 
19 3_19 8.47 40 3538 292 20 19 1470 
20 3_20 8.75 40 4041 352 34 19 1574 
21 3_21 9.20 37 3409 300 29 21 1379 
22 3_22 9.47 38 3037 309 39 26 1295 
23 3_23 9.72 38 3841 427 43 17 1578 
24 3_24 10.08 38 4587 618 78 19 2146 
25 3_25 10.28 40 4363 426 30 33 1259 
26 3_26 10.69 40 4403 609 57 30 1268 
27 3_27 10.86 39 3898 553 49 27 1163 
28 3_28 11.42 39 2574 24 6 8 2027 
29 3_29 11.70 38 3156 563 48 24 1416 
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CORE 3 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
30 3_30 11.96 37 3561 684 66 24 1511 
31 3_31 12.26 39 2960 488 35 42 1226 
32 3_32 13.41 39 4167 574 51 41 1061 
33 3_33 13.63 39 3845 559 41 41 965 
34 3_34 13.98 40 3236 506 34 11 595 
35 3_35 14.67 40 3944 722 61 35 1077 
36 3_36 14.97 40 3232 631 60 26 893 
37 3_37 15.36 40 3507 443 54 20 1033 
38 3_38 15.74 39 3011 397 53 21 1014 
39 3_39 16.16 38 2156 208 23 27 732 
40 3_40 16.44 40 2133 195 20 31 889 
41 3_41 16.64 40 1766 199 26 40 777 
42 3_42 16.95 40 2822 338 27 57 987 
43 3_43 17.15 40 2764 278 20 48 799 
44 3_44 17.43 38 3188 370 18 55 700 
45 3_45 17.64 40 3036 221 18 75 902 
46 3_46 18.01 39 2697 212 34 56 890 
47 3_47 18.35 38 2547 287 47 52 853 
48 3_48 18.99 38 2834 270 41 50 829 
49 3_49 19.21 37 3506 141 10 35 801 
50 3_50 19.62 38 3200 159 17 71 646 
51 3_51 19.74 38 4156 141 8 29 838 
52 3_53 20.92 38 4020 172 8 33 802 
53 3_54 21.25 38 4141 252 21 51 813 
54 3_55 21.50 40 3986 238 17 19 837 
55 3_56 22.68 40 3837 294 23 20 840 
56 3_57 22.90 40 4262 360 31 28 908 
57 3_58 23.32 38 3257 255 24 17 825 
58 3_59 23.62 39 3403 289 30 18 781 
59 3_60 23.74 38 2957 236 18 17 733 
60 3_61 24.04 40 2613 284 31 14 750 
61 3_62 24.34 38 3633 236 26 12 883 
62 3_63 25.07 40 3297 253 24 15 813 
63 3_64 25.35 40 3071 224 22 13 808 
64 3_65 25.64 40 2523 224 22 15 747 
65 3_66 25.97 41 2856 145 22 9 771 
66 3_67 26.34 39 3419 52 6 8 742 
67 3_68 26.76 39 3091 231 25 11 717 
68 3_69 27.12 39 3422 221 45 12 922 
69 3_70 27.40 40 3269 317 40 15 728 
70 3_72 28.17 41 3637 259 37 15 751 
71 3_73 28.47 39 3285 242 26 13 690 
72 3_74 28.83 38 3438 590 98 20 629 
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CORE 3 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
73 3_75 29.52 37 3621 603 97 21 596 
74 3_76 29.86 42 3598 663 112 16 615 
75 3_77 30.30 38 3650 1041 184 19 649 
76 3_78 30.68 39 3483 538 77 19 717 
77 3_79 31.90 36 3244 441 53 15 621 
78 3_80 32.90 40 3309 423 55 13 658 
79 3_81 33.06 39 3130 358 31 13 569 
80 3_82 33.36 38 3437 583 82 15 654 
81 3_83 34.20 40 3576 564 73 14 646 
82 3_84 34.40 39 3360 657 63 13 622 
83 3_85 34.74 37 2805 459 59 15 539 
84 3_86 35.00 58 4172 513 59 27 812 
85 3_87 35.31 44 3645 344 43 14 679 
86 3_88 35.53 39 3587 16 5 3 655 
87 3_89 35.90 39 2862 257 32 13 566 
88 3_90 36.20 38 3253 172 17 9 523 
89 3_91 36.67 40 2975 334 22 19 392 
90 3_92 37.90 39 3436 423 32 15 532 
91 3_93 38.10 39 1905 203 25 15 311 
92 3_94 39.10 38 2642 321 25 27 449 
93 3_95 39.40 41 3317 276 37 19 553 
94 3_96 40.31 39 2942 175 20 15 443 
95 3_97 40.58 39 3619 196 18 23 481 
96 3_98 40.88 38 3221 368 69 19 430 
97 3_99 41.40 37 2787 177 80 20 537 
98 3_100 41.70 38 2758 201 59 24 513 
99 3_101 42.05 38 4328 229 45 18 602 
100 3_102 42.40 39 3935 268 45 21 647 
101 3_103 42.60 39 2771 390 29 11 269 
102 3_104 42.80 28 16775 97 87 95 235 
103 3_105 44.05 30 9749 52 57 52 310 
104 3_106 44.28 27 15738 13 85 75 273 
105 3_107 44.78 30 16153 15 205 75 347 
106 3_108 45.50 26 18376 23 339 84 309 
107 3_109 46.90 27 16876 22 172 64 292 
108 3_110 47.00 29 10449 7 154 57 381 
109 3_111 48.50 32 11902 54 176 52 442 
110 3_112 48.60 29 11318 28 50 30 396 
111 3_113 49.90 37 13476 935 105 36 503 
112 3_114 50.00 37 9404 1122 327 34 506 
113 3_115 50.10 38 14955 900 174 52 534 
114 3_116 50.22 31 12519 19 76 37 455 
115 3_117 50.52 30 15708 27 76 43 454 
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CORE 3 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
116 3_118 50.80 29 13501 31 53 38 324 
117 3_119 51.10 28 13653 30 85 48 419 
118 3_120 51.45 36 12156 557 76 35 524 
119 3_121 52.12 29 15947 21 113 41 474 
120 3_122 52.42 30 11811 28 68 30 463 
121 3_123 52.70 36 12339 493 61 33 624 
122 3_124 52.95 29 12761 20 66 28 392 
123 3_125 53.27 30 14182 20 140 37 464 
124 3_126 53.66 29 8563 53 84 24 409 
125 3_127 53.91 35 7927 353 89 21 593 
126 3_128 54.14 31 18352 128 78 47 539 
127 3_129 54.44 32 11677 24 77 28 459 
128 3_130 54.62 28 11381 30 79 28 397 
129 3_131 54.91 39 8116 552 152 24 683 
130 3_132 55.29 28 10942 32 58 29 414 
131 3_133 55.49 32 8551   52 26 507 
132 3_134 55.55 27 9815 47 63 25 417 
133 3_135 55.75 30 11737 28 111 26 489 
134 3_136 55.90 28 14593 38 116 32 414 
135 3_137 56.25 31 8986 34 107 24 527 
136 3_138 56.60 33 13501 20 154 35 715 
137 3_139 56.81 36 8240 417 86 24 560 
138 3_140 57.08 36 8714 525 130 26 611 
139 3_141 57.45 37 9042 460 106 29 645 
140 3_142 57.94 31 11527   128 28 681 
141 3_143 58.18 36 6670 519 117 26 660 
142 3_144 58.45 33 9911 35 119 27 580 
143 3_145 58.70 38 4893 417 86 25 842 
144 3_146 58.95 36 9083 436 123 28 733 
145 3_147 59.42 37 6063 318 84 23 857 
146 3_148 59.75 36 13685 443 93 35 684 
147 3_149 60.03 35 9990 831 287 42 918 
148 3_150 60.33 37 7742 453 113 32 814 
149 3_151 61.18 38 5680 385 77 27 991 
150 3_152 61.45 38 8134 391 143 24 818 
151 3_153 61.85 31 12379 68 74 26 630 
152 3_154 62.00 38 8701 425 40 21 740 
153 3_155 62.46 36 10112 465 53 24 728 
154 3_156 62.77 36 13019 507 53 29 744 
155 3_157 63.22 31 13433 19 74 29 700 
156 3_158 63.50 34 11510 420 42 24 820 
157 3_159 63.87 33 7655 9 25 22 791 
158 3_160 64.26 33 4870 8 28 21 786 
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CORE 3 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
159 3_161 64.60 35 10107 1116 236 40 830 
160 3_162 65.00 38 5178 661 170 31 686 
161 3_163 64.34 38 4832 476 152 30 770 
162 3_164 65.59 36 4223 670 194 31 729 
163 3_165 65.92 35 9040 935 225 38 818 
164 3_166 66.25 36 10478 1074 196 45 886 
165 3_167 66.40 35 8656 1021 170 41 866 
166 3_168 66.96 32 9351 38 110 37 730 
167 3_169 67.23 37 5341 848 141 30 851 
168 3_170 67.60 37 5617 737 188 25 778 
169 3_171 67.83 38 4488 617 93 25 593 
170 3_172 68.90 36 6045 734 166 34 733 
171 3_173 69.20 35 7257 1096 180 36 974 
 
Table C11: Trace element data for Core 1. 
CORE 1 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
1 1_1 0.50 34 3380 419 45 29 781 
3 1_3 1.10 37 2415 330 43 40 672 
6 1_6 2.06 40 2489 409 65 41 656 
9 1_9 2.92 39 2394 330 48 19 614 
13 1_13 4.05 36 2141 512 46 27 415 
17 1_17 5.05 37 1774 747 98 25 297 
21 1_21 6.20 28 2169 809 162 28 425 
24 1_24 7.04 40 3185 1435 330 39 612 
28 1_28 8.10 38 2593 1032 267 32 508 
29 1_29 9.20 39 2736 1152 316 26 534 
32 1_32 10.15 43 2803 670 92 47 493 
34 1_34 11.00 44 2628 775 62 54 448 
37 1_37 12.20 45 2760 857 88 89 576 
38 1_38 12.45 43 2469 789 84 52 535 
39 1_39 13.60 40 2227 452 38 39 476 
41 1_41 14.00 40 2726 501 37 51 819 
45 1_45 15.04 36 2535 518 35 37 478 
48 1_48 16.10 38 2380 248 12 18 559 
49 1_52 17.95 39 2312 364 20 43 337 
50 1_53 18.25 44 2544 329 39 25 288 
53 1_56 19.20 41 3106 482 44 46 483 
54 1_58 20.45 39 2868 193 19 18 796 
57 1_61 21.00 41 3037 508 37 32 442 
62 1_66 22.20 37 2635 400 15 29 348 
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CORE 1 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
66 1_70 23.35 40 2618 244 13 29 402 
69 1_73 24.20 40 2809 271 11 40 445 
71 1_75 25.00 40 2904 289 30 36 348 
74 1_78 25.90 41 3130 496 42 45 502 
76 1_80 27.00 40 3090 213 16 37 323 
80 1_85 28.90 39 3283 1007 56 51 314 
81 1_86 29.95 41 3361 298 27 30 368 
85 1_90 31.06 35 2457 284 16 34 260 
87 1_102 35.70 41 2282 145 12 26 320 
88 1_103 36.15 40 2848 565 70 37 348 
90 1_105 37.50 37 2372 150 17 31 339 
92 1_107 37.90 40 2952 254 31 39 354 
95 1_110 38.90 43 3203 313 28 48 384 
96 1_111 39.20 52 3746 284 36 44 481 
98 1_113 40.15 38 2529 191 23 28 315 
99 1_114 40.40 40 3006 226 23 28 366 
101 1_116 41.00 37 2220 180 14 28 254 
102 1_117 42.00 39 2848 293 15 36 349 
105 1_120 42.50 38 2925 255 30 50 304 
107 1_122 43.95 42 3603 474 58 82 395 
108 1_123 45.20 40 3443 368 60 109 366 
109 1_124 45.45 39 3276 397 72 55 361 
110 1_125 46.70 42 3310 491 88 77 411 
111 1_126 46.95 45 3297 523 159 49 398 
112 1_127 48.00 43 1994 256 56 40 296 
113 1_130 49.30 37 2382 198 51 33 350 
114 1_131 49.60 4 297 26 8 3 48 
115 1_138 53.00 38 2634 653 104 56 419 
116 1B_1 53.05 37 1870 685 86 65 341 
117 1B_2 54.60 37 1880 838 165 86 407 
118 1B_3 55.60 37 1838 498 92 76 252 
119 1B_4 59.40 38 1800 840 174 38 326 
120 1B_5 60.85 37 1966 688 193 47 362 
121 1B_6 62.40 37 2062 742 180 45 305 
122 1B_7 64.00 41 2094 1169 298 52 291 
123 1B_8 65.75 38 1767 811 107 40 240 
124 1B_9 67.20 37 1616 505 91 43 201 
125 1B_10 67.90 39 1801 592 104 39 228 
126 1B_11 68.85 38 1814 424 90 53 239 
127 1B_12 69.95 35 1773 390 41 35 234 
128 1B_13 71.50 37 1847 288 58 49 212 
129 1B_14 72.55 37 1654 300 44 60 186 
130 1B_15 73.70 36 1861 382 40 56 259 
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CORE 1 (The 30 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn  Sr  
% ppm ppm ppm ppm ppm 
131 1B_16 74.60 38 1830 338 76 60 235 
132 1B_18 77.05 37 1907 515 108 67 238 
133 1B_19 78.10 37 1878 403 64 76 371 
134 1B_20 79.00 38 2008 924 198 54 539 
135 1B_21 80.00 40 2052 776 281 73 361 
136 1B_22 81.65 37 2055 912 245 85 422 
137 1B_23 83.15 37 2031 774 232 68 439 
138 1B_24 84.15 39 2287 665 246 38 648 
139 1B_25 85.30 36 2474 1680 574 86 250 
140 1B_26 87.15 36 2194 1960 828 88 235 
141 1B_27 88.05 35 2459 2360 920 77 244 
142 1B_29 92.2 35 2660 1993 845 69 863 
143 1B_30 93.65 36 2699 2988 1263 61 879 
 
Table C12: Trace element data for Core 2. 
CORE 2 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn Sr  
% ppm ppm ppm ppm ppm 
1 2_1 0.50 39 2111 743 69 58 568 
2 2_2 1.00 43 2669 438 36 30 1295 
3 2_3 1.42 38 2108 372 39 21 960 
4 2_4 1.78 38 2054 289 30 35 1105 
5 2_5 2.00 40 1630 390 39 19 663 
6 2_6 2.18 51 2633 341 41 34 1621 
7 2_7 2.55 40 2339 390 42 57 1602 
8 2_8 2.92 39 2061 337 33 40 1291 
9 2_9 3.14 39 2801 359 41 38 1512 
10 2_10 3.50 42 3061 327 62 45 1647 
11 2_11 3.64 40 2803 296 49 51 1531 
12 2_12 3.98 38 2986 275 49 50 1557 
13 2_13 4.30 36 3000 332 61 74 1529 
14 2_14 4.62 40 2363 331 49 51 1342 
15 2_15 4.85 38 2359 286 39 55 1399 
16 2_16 5.00 58 3463 329 50 79 2240 
17 2_17 5.29 39 2204 295 44 58 799 
18 2_18 5.62 41 3035 326 47 46 1483 
19 2_19 6.02 37 2409 459 41 65 1379 
20 2_20 6.32 36 1418 245 27 28 426 
21 2_21 6.50 39 1831 298 48 40 1489 
22 2_22 6.85 39 1747 181 19 34 821 
23 2_23 7.10 38 1393 242 14 34 676 
24 2_24 7.40 39 1841 197 12 40 868 
	 
284	
CORE 2 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn Sr  
% ppm ppm ppm ppm ppm 
25 2_25 7.70 39 1622 175 13 56 594 
26 2_26 8.00 36 1868 297 23 43 1408 
27 2_27 8.71 37 1855 274 18 54 803 
28 2_27A 8.80 49 2341 277 34 42 1032 
29 2_27B 8.93 38 1411 271 25 413 437 
30 2_27C 9.08 49 2079 332 47 127 525 
31 2_27D 9.13 36 1277 1330 511 302 671 
32 2_27E 9.22 38 1999 496 105 562 734 
33 2_27F 9.33 39 1918 460 44 235 602 
34 2_28 9.50 38 1709 226 23 38 853 
35 2_29 10.80 39 1920 578 84 67 502 
36 2_30 11.00 38 1743 491 49 58 646 
37 2_31 12.30 38 1341 104 13 43 469 
38 2_32 12.50 34 1489 237 8 37 761 
39 2_33 13.40 38 1380 88 7 23 1359 
40 2_34 13.70 39 1342 145 13 19 1076 
41 2_35 13.90 38 1170 33 6 15 1313 
42 2_36 14.80 36 1069 32 7 21 881 
43 2_37 15.04 39 1266 112 8 15 1348 
44 2_38 15.40 40 1184 87 8 23 1823 
45 2_39 15.65 40 1160 94 10 18 1650 
46 2_40 15.90 37 1095 82 9 20 1536 
47 2_41 16.30 43 1323 113 20 26 1754 
48 2_42 16.70 41 1561 58 13 21 1890 
49 2_43 17.00 43 1034 50 13 13 2029 
50 2_44 17.60 40 1229 88 11 18 1863 
51 2_45 17.95 39 1265 94 19 26 1444 
52 2_46 18.45 38 1241 311 9 39 1227 
53 2_47 19.40 40 1308 99 10 24 1603 
54 2_48 19.70 40 1224 67 11 24 1629 
55 2_49 19.90 39 1211 87 13 25 1597 
56 2_50 20.50 39 1184 64 7 27 1153 
57 2_51 20.75 38 1382 117 9 28 1250 
58 2_52 21.20 39 1346 86 8 32 826 
59 2_53 21.40 40 1399 107 6 30 751 
60 2_54 22.43 37 1453 93 7 19 825 
61 2_55 22.63 39 1424 111 9 21 851 
62 2_56 22.73 39 1386 112 11 25 849 
63 2_57 23.00 39 1265 102 8 21 849 
64 2_58 23.70 36 1200 107 10 23 860 
65 2_59 24.15 39 1723 141 15 29 1033 
66 2_60 24.50 36 1288 113 9 18 463 
67 2_61 26.00 39 2085 280 29 55 498 
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CORE 2 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn Sr  
% ppm ppm ppm ppm ppm 
68 2_62 27.50 49 2286 355 43 53 687 
69 2_63 28.60 41 1847 538 65 53 547 
70 2_64 28.70 38 1816 365 37 48 546 
71 2_65 29.00 39 1782 573 105 47 567 
72 2_66 30.30 37 1785 381 44 50 575 
73 2_67 31.60 41 1902 329 32 53 528 
74 2_68 32.00 38 1904 258 27 36 490 
75 2_69 33.20 38 2238 812 53 38 386 
76 2_70 33.50 39 2014 396 38 54 499 
77 2_71 34.25 39 1959 394 29 37 485 
78 2_72 35.00 37 1686 366 34 39 513 
79 2_73 36.30 38 1821 296 32 47 542 
80 2_74 37.80 40 1609 219 24 33 559 
81 2_75 38.80 38 1912 272 29 40 552 
82 2_76 39.30 41 1871 535 53 59 700 
83 2_77 40.30 39 1821 249 33 47 586 
84 2_78 40.55 40 1858 206 20 52 611 
85 2_79 40.95 39 2109 428 37 43 555 
86 2_80 42.00 38 1819 352 30 50 473 
87 2_81 42.20 40 1826 212 23 51 540 
88 2_82 42.50 40 1705 227 24 41 433 
89 2_83 42.75 41 1980 276 18 48 518 
90 2_84 43.00 37 1812 167 14 44 442 
91 2_85 43.25 41 1938 233 21 53 567 
92 2_86 43.60 38 1732 157 17 42 679 
93 2_87 43.80 37 1831 158 19 34 618 
94 2_88 44.00 39 1942 199 21 30 652 
95 2_89 44.75 45 2016 222 26 53 547 
96 2_90 45.00 38 1763 169 22 39 549 
97 2_91 45.50 40 1988 206 22 43 595 
98 2_92 46.15 38 1773 151 26 39 605 
99 2_93 46.55 40 2033 158 23 31 626 
100 2_94 46.75 39 1925 138 18 37 604 
101 2_95 46.95 39 1896 251 28 49 539 
102 2_96 48.15 36 2265 345 24 47 589 
103 2_97 48.35 39 2359 240 25 40 559 
104 2_98 48.50 38 1312 205 20 33 431 
105 2_99 49.55 37 2643 214 27 69 407 
106 2_100 49.75 37 2237 183 16 55 389 
107 2_101 49.85 39 1836 231 21 50 387 
108 2_102 50.80 38 2131 301 37 36 384 
109 2_103 51.05 37 2041 234 23 37 397 
110 2_104 51.20 38 2450 375 45 60 416 
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CORE 2 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) 
Ca  Mg  Fe  K  Mn Sr  
% ppm ppm ppm ppm ppm 
111 2_105 51.45 37 2514 439 69 63 444 
112 2_106 51.90 39 2411 376 39 59 450 
113 2_107 52.10 38 2490 270 10 31 436 
114 2_108 52.25 36 2313 366 37 42 467 
115 2_109 52.60 39 3524 386 40 64 554 
116 2_110 52.85 39 3594 420 36 57 610 
117 2_111 54.00 37 3026 500 44 54 534 
118 2_112 54.20 40 3822 389 21 67 702 
119 2_113 54.32 39 3588 437 39 84 639 
120 2_114 54.37 38 2625 408 52 64 445 
 
Table C13: Trace element data for Core 6. 
CORE 6 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) Ca  Mg  Fe  K  Mn  Sr  
      % ppm ppm ppm ppm ppm 
1 6_1 0.06 35 1245.7 298.51 52.696 40.908 873.077 
2 6_2 1.05 37 890.034 184.832 17.787 31.336 423.957 
3 6_3 1.98 37 813.589 395.472 44.241 28.513 520.471 
4 6_4 3.00 35 578.926 628.79 41.349 17.567 295.24 
5 6_5 4.05 35 695.139 196.189 34.393 22.227 258.888 
6 6_6 5.06 38 970.341 293.679 10.616 31.123 332.857 
7 6_7 6.08 37 932.603 326.684 47.267 39.184 391.425 
8 6_8 7.94 36 775.693 326.992 30.74 52.444 259.795 
9 6_9 9.42 37 891.006 358.918 24.911 35.637 674.886 
10 6_10 10.95 37 840.284 135.075 13.28 31.722 561.952 
11 6_11 11.12 38 864.286 193.165 28.941 54.009 755.862 
12 6_12 12.45 36 862.441 139.775 21.332 31.041 833.563 
13 6_13 13.20 38 806.542 190.384 24.93 35.613 875.462 
14 6_14 16.22 36 730.399 409.977 36.424 35.71 790.209 
15 6_15 17.44 36 853.636 633.831 56.201 41.247 961.219 
16 6_16 18.60 36 996.18 408.039 36.098 27.655 994.954 
17 6_17 22.90 34 921.977 535.677 63.575 27.655 1054.47 
18 6_18 24.75 35 1129.22 402.513 35.146 28.836 1072.12 
19 6_19 26.25 36 900.919 413.301 28.412 29.588 989.426 
20 6_20 27.75 37 909.416 790.68 62.02 47.338 873.158 
21 6_21 29.95 36 920.435 411.538 46.061 24.931 946.73 
22 6_22 30.65 31 498.162 83.929 71.941 85.149 905.789 
23 6_23 31.45 42 864.908 99.151 7.284 19.627 1105.46 
24 6_24 32.35 42 910.548 106.489 13.882 19.199 861.462 
25 6_25 33.65 42 875.499 77.493 8.715 19.677 1056.36 
26 6_26 34.30 42 846.868 162.482 11.281 24.839 1029.79 
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CORE 6 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) Ca  Mg  Fe  K  Mn  Sr  
      % ppm ppm ppm ppm ppm 
27 6_27 35.32 41 882.332 169.922 25.851 21.043 809.327 
28 6_28 36.05 43 992.715 169.847 17.577 27.825 513.137 
29 6_29 38.20 40 959.284 188.445 12.28 32.308 392.913 
30 6_30 39.70 39 909.116 276.891 19.51 46.105 404.335 
31 6_31 41.15 36 1071.49 820.775 64.517 63.354 220.958 
32 6_32 42.95 46 1512.4 921.345 128.865 70.926 368.275 
33 6_33 44.80 45 1523.32 860.971 117.962 69.114 356.912 
34 6_34 46.25 42 1565.53 741.262 79.309 54.59 381.486 
35 6_35 47.82 44 1799.46 974.355 107.766 56.878 376.781 
36 6_36 49.50 42 1821.17 901.359 99.997 43.128 393.647 
37 6_37 50.80 39 1710.11 809.192 91.132 36.405 349.27 
38 6_38 51.45 41 1938.58 693.972 95.077 42.465 400.765 
39 6_39 52.80 39 1854.99 753.066 70.56 45.221 433.622 
40 6_40 53.84 37 1946.38 996.725 98.563 39.43 343.447 
41 6_41 55.86 34 1795.29 771.095 73.957 30.117 289.625 
42 6_42 56.92 37 1733.57 685.392 53.438 28.714 452.841 
43 6_43 58.26 38 2022.6 613.909 64.319 30.893 461.267 
44 6_46 62.24 31 1775.73 373.586 43.184 39.079 315.722 
45 6_47 63.64 36 2091.48 392.684 61.043 41.933 398.526 
46 6_48 64.64 37 2130.43 512.485 65.833 49.898 483.6 
47 6_49 65.50 40 1986.05 390.764 59.233 27.597 472.917 
48 6_50 66.95 41 1983.99 435.473 73.788 23.83 464.698 
49 6_52 68.85 42 2566.58 719.045 102.296 24.228 1079.07 
50 6_53 70.00 39 2274.05 536.705 62.298 21.88 647.647 
51 6_54 71.00 36 2159.55 379.317 48.981 14.282 586.639 
52 6_55 72.35 36 2116.26 350.373 36.831 12.908 585.266 
53 6_56 73.30 36 2011.74 526.545 78.322 23.988 261.07 
54 6_57 74.43 36 2356.7 729.089 175.036 37.135 499.098 
55 6_58 75.71 36 2356.87 731.196 126.093 35.405 591.852 
56 6_60 77.60 35 1763.56 828.408 133.193 30.655 379.004 
57 6_61 78.10 39 2153.52 671.149 107.754 27.876 524.568 
58 6_62 79.18 37 2186.29 447.678 90.876 21.309 436.263 
59 6_63 80.50 40 2604.08 554.836 87.312 22.767 713.449 
60 6_64 81.70 39 1772.18 391.841 59.527 23.389 353.065 
61 6_65 82.70 39 1636.57 542.295 124.843 31.043 277.291 
62 6_66 83.68 39 2239.83 888.636 140.404 39.541 443.093 
63 6_68 86.00 39 2268.41 506.898 100.412 31.473 423.565 
64 6_69 87.47 39 2214.7 605.487 130.493 33.072 410.867 
65 6_70 89.37 38 2158.76 477.836 122.784 27.227 349.342 
66 6_71 90.53 38 2153.01 724.892 110.313 17.474 652.072 
67 6_72 92.10 38 2281.51 589.008 143.574 21.097 297.545 
68 6_73 93.50 38 2698.09 426.33 118.38 18.303 424.801 
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CORE 6 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) Ca  Mg  Fe  K  Mn  Sr  
      % ppm ppm ppm ppm ppm 
69 6_74 94.56 38 2843.66 445.518 77.839 18.498 597.095 
70 6_75 96.50 38 2577.23 360.21 107.963 10.582 342.507 
71 6_76 97.45 38 2718.6 348.791 132.408 8.951 285.464 
72 6_77 98.50 38 2375.13 322.767 113.431 7.101 238.339 
73 6_78 101.56 37 2185.23 276.277 81.081 5.51 184.651 
 
Table C14: Trace element data for Core 7. 
CORE 7 (The 50 m Terrace) 
No. Code Sample 
Depth 
(m) Ca  Mg  Fe  K  Mn  Sr  
      % ppm ppm ppm ppm ppm 
1 7_1 2.14 38 1506 1039 120 128 1057 
2 7_2 3.50 39 1380 403 24 109 451 
3 7_3 4.50 37 952 2144 114 137 558 
4 7_4 6.00 38 932 311 13 191 371 
5 7_5 8.50 38 1381 386 41 111 654 
6 7_6 9.75 39 1122 872 107 51 506 
7 7_7 12.00 38 1092 1244 148 52 779 
8 7_8 14.40 37 1161 1442 130 116 679 
9 7_9 17.15 39 945 530 43 32 1055 
10 7_10 17.65 32 518 86 75 87 947 
11 7_11 23.60 39 1242 282 18 33 757 
12 7_12 25.00 37 1139 344 34 32 751 
13 7_13 26.10 43 1418 473 81 47 765 
14 7_14 26.30 38 1157 370 16 166 409 
15 7_15 27.00 37 817 310 30 36 409 
16 7_16 28.30 37 786 331 18 38 575 
17 7_17 29.60 37 781 223 8 28 689 
18 7_18 30.70 43 878 190 5 28 741 
19 7_19 33.00 37 742 122 9 18 523 
20 7_20 35.20 38 841 274 12 74 375 
21 7_21 38.40 37 1123 489 48 60 365 
22 7_22 40.40 37 1203 749 115 60 357 
23 7_23 42.60 37 1008 509 48 45 344 
24 7_24 44.30 37 863 361 18 41 365 
25 7_25 46.05 38 921 481 38 55 406 
26 7_26 47.00 37 1028 737 97 78 397 
27 7_27 48.60 37 1228 666 84 55 426 
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Table C15: TOC analysis data for Core 5. 
Core 5  
ID  Depth (m) 
Initial 
Wt. 
Sed. 
(mg) 
Insol. 
Wt. 
% 
Insol. δ15N δ13C 
Wt 
% 
N 
Wt 
% C N C/N 
% 
TOC 
% 
Insol. 
Residue 
5. 2 1.2 2077.5 2.5 0.12 1.8 -24.4 0.98 24.19 24.7 28.8 0.03 0.1 
5. 4 2.8 2013.4 2.6 0.13 1.1 -17.1 1.42 15.89 11.2 13.1 0.02 0.1 
5. 7 6.0 2082 2.4 0.12 1.8 -21.2 1.15 11.97 10.4 12.2 0.01 0.1 
5. 8 7.3 1856.1 9.7 0.52 5.3 -24.0 0.19 3.13 16.4 19.1 0.02 0.5 
5. 9 8.7 2010.4 8 0.40 4.1 -24.1 0.20 2.78 14.2 16.5 0.01 0.4 
5. 11 10.9 2044.5 6.4 0.31 3.6 -23.8 0.38 4.28 11.2 13.1 0.01 0.3 
5. 12 11.8 2015.9 9.7 0.48 4.0 -23.6 0.18 2.47 13.8 16.1 0.01 0.5 
5. 13 12.8 2005.2 11 0.55 3.8 -24.2 0.16 2.54 16.1 18.8 0.01 0.5 
5. 14 14.1 2103.8 2.3 0.11 2.5 -25.3 0.40 7.83 19.8 23.1 0.01 0.1 
5. 15 15.6 2032.6 4.5 0.22 2.5 -25.5 0.27 4.63 17.0 19.9 0.01 0.2 
5. 16 16.5 2082.3 4.1 0.20 2.4 -23.7 0.25 2.95 12.0 14.0 0.01 0.2 
5. 17 17.4 2073 6.7 0.32 2.1 -23.1 0.31 2.80 9.0 10.5 0.01 0.3 
5. 18 18.4 2018.7 5.4 0.27 1.7 -22.7 0.41 3.53 8.7 10.1 0.01 0.3 
5. 19 19.5 2053.7 3.2 0.16 2.6 -23.7 0.44 5.60 12.8 14.9 0.01 0.1 
5b-1 20.1 1006.3 3.7 0.37 1.9 -25.7 0.53 8.92 16.9 19.7 0.03 0.3 
5b.02 21.2 1499.9 2.9 0.19   -22.8 0.37 2.18 5.9 6.9 0.00 0.2 
5b.04 23.0 1222.8 4.8 0.37 3.4 -20.4 0.09 2.15 23.3 19.9 0.01 0.4 
5b-5 24.0 994.4 6.8 0.68 5.8 -21.3 0.29 1.85 6.4 7.5 0.01 0.7 
5b-6 26.3 996.2 5.1 0.51 5.2 -21.8 0.35 1.77 5.1 5.9 0.01 0.5 
5b-7 27.6 1004.8 3.4 0.34   -21.9 0.56 3.09 5.6 6.5 0.01 0.3 
5b-9 33.7 960.4 1.9 0.20   -23.0 0.22 1.28 5.8 6.8 0.00 0.2 
5b.10 37.5 1488.1 6.9 0.46 1.6 -22.3 0.01 0.96 67.6 58.0 0.00 0.5 
5b-11 38.7 1474.7 12.9 0.87 -2.4 -23.4 0.04 0.75 18.6 21.6 0.01 0.9 
5b.12 41.8 1458.1 19.2 1.32 4.0 -20.8 0.04 0.48 12.8 10.9 0.01 1.3 
5b.13 43.3 1489 16.5 1.11 3.9 -21.2 0.05 0.65 11.8 10.1 0.01 1.1 
5b-14 44.3 1010.1 8.5 0.84 3.3 -24.6 0.22 1.58 7.1 8.3 0.01 0.8 
5b-18 48.8 993.3 6.9 0.69 2.4 -22.1 0.20 1.64 8.1 9.5 0.01 0.7 
5b-19 49.6 1074.3 12 1.12 14.2 -22.1 0.12 0.70 5.9 6.9 0.01 1.1 
5b.20 50.7 1086 25.8 2.38 3.1 -23.8 0.01 0.36 47.3 40.6 0.01 2.4 
5b.21 52.3 1585.7 39 2.46 3.3 -21.0 0.02 0.21 14.2 12.1 0.01 2.5 
5b-22 53.8 993.9 15.5 1.56 17.3 -23.3 0.09 0.48 5.6 6.5 0.01 1.6 
5B-24 55.8 1020.5 14.7 1.44   -23.0 0.11 0.63 5.6 6.5 0.01 1.4 
5b.25 57.6 861.8 11.2 1.30 1.5 -22.6 0.01 0.48 64.0 54.9 0.01 1.3 
5b.26 59.0 1075.2 12.9 1.20 3.2 -22.0   0.55   38.4 0.01 1.2 
5b.27 60.1 996.6 11.7 1.17 2.0 -25.6 0.01 1.58 224.1 192.1 0.02 1.2 
5b.30 64.0 977 9.4 0.96 0.2 -23.0   0.60   435.2 0.01 1.0 
5b-31 65.8 1009.7 10.6 1.05   -24.1 0.10 0.65 6.6 7.7 0.01 1.0 
5b.32 66.6 1043.8 7.2 0.69 1.7 -21.7 0.00 0.55 332.3 284.8 0.00 0.7 
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Core 5  
ID  Depth (m) 
Initial 
Wt. 
Sed. 
(mg) 
Insol. 
Wt. 
% 
Insol. δ15N δ13C 
Wt 
% 
N 
Wt 
% C N C/N 
% 
TOC 
% 
Insol. 
Residue 
5b.33 67.6 1040.6 19.5 1.87 2.1 -22.6 N/A 0.27 ???   0.01 1.9 
5b-35 70.0 1261.1 21.1 1.67 3.1 -24.6 0.03 0.53 19.3 22.5 0.01 1.7 
5b-36 70.9 1161.1 10.6 0.91 2.4 -22.5 0.03 0.33 10.2 11.9 0.00 0.9 
5b-37 71.7 1042.7 4.2 0.40 1.2 -25.6 0.05 1.56 31.8 37.1 0.01 0.4 
5b-38 72.7 2088.4 11 0.53 3.0 -21.8 0.05 0.46 10.1 11.7 0.00 0.5 
5b.39 73.2 981.6 27.3 2.78 4.2 -25.0   0.37   108.7 0.01 2.8 
5b-40 74.9 997.5 10 1.00 6.1 -21.3 0.05 0.42 7.9 9.2 0.00 1.0 
5b-41 76.0 956.5 114.1 11.93 4.5 -22.6 0.06 0.59 10.4 12.2 0.07 11.9 
5b-42 77.3 992.3 12.2 1.23 6.3 -21.9 0.05 0.41 7.6 8.8 0.01 1.2 
5b-43 78.6 984 13 1.32 5.4 -22.6 0.04 0.52 12.0 14.0 0.01 1.3 
5b-44 79.6 980.9 8.7 0.89 3.8 -21.2 0.04 0.48 11.8 13.8 0.00 0.9 
5b-45 80.9 986.7 23.5 2.38 4.6 -26.5 0.04 0.53 14.7 17.1 0.01 2.4 
5b-46 82.0 1006.6 17 1.69 2.7 -23.4 0.06 0.75 12.2 14.2 0.01 1.7 
5b-47   2028.9 3.4 0.17 4.4 -22.5 0.23 1.48 6.4 7.5 0.00 0.2 
5b-48 84.1 1005.1 11.7 1.16 4.3 -20.9 0.05 0.46 8.9 10.4 0.01 1.2 
5b.49 85.5 985.6 22.4 2.27 1.5 -23.9 N/A 0.29 ???   0.01 2.3 
5b.50 85.8 987.1 30.9 3.13 -4.0 -23.6 0.01 0.31 21.9 18.8 0.01 3.1 
5b.51 86.8 985.5 23.1 2.34 1.5 -22.9 0.03 0.47 18.7 16.0 0.01 2.3 
5b.52 88.2 995.1 22 2.21 2.7 -23.6 0.02 0.66 26.7 22.9 0.01 2.2 
5b.53 89.2 997.5 20.2 2.03 2.8 -20.0 0.07 1.3 19.0 16.3 0.03 2.0 
5b.54 90.1 989.5 34.5 3.49 2.1 -20.3 0.03 0.59 21.5 18.4 0.02 3.5 
5b.55 91.3 990.8 25.3 2.55 1.6 -21.3 0.02 0.65 28.8 24.7 0.02 2.5 
5b-59 95.8 982.8 14.6 1.49 4.3 -18.5 0.16 1.89 11.8 13.7 0.03 1.5 
5b-60 96.9 1018.9 22.8 2.24 4.3 -21.5 0.12 1.10 9.3 10.8 0.02 2.2 
5b-62 99.1 995.9 26.5 2.66 1.5 -20.2 0.12 1.19 9.9 11.5 0.03 2.6 
5b-63 100.0 1011.6 22.4 2.21 6.2 -22.7 0.07 1.03 13.9 16.2 0.02 2.2 
5b-64 100.9 1021.8 28.3 2.77 5.1 -21.9 0.08 0.88 11.0 12.8 0.02 2.7 
5b.65 101.9 1023.8 30.6 2.99 2.9 -20.2 0.16 1.96 12.3 10.5 0.06 2.9 
5b.68 106.2 1017.5 24.1 2.37 4.1 -19.6 0.04 0.89 23.5 20.1 0.02 2.3 
5b-70 108.6 999.3 24.6 2.46 2.5 -19.6 0.15 2.12 13.8 16.1 0.05 2.4 
5b-71 110.5 987.6 19.5 1.97 4.1 -18.3 2.20 37.72 17.1 20.0 0.74 1.2 
5b-72 112.7 1026.7 18.9 1.84 4.3 -18.1 1.09 17.35 15.9 18.5 0.32 1.5 
5B-73 113.6 1027.1 21.2 2.06 4.5 -19.0 0.16 2.17 13.3 15.5 0.04 2.0 
5b-74 114.5 997.1 15.6 1.56 4.0 -18.8 0.48 6.76 14.0 16.3 0.11 1.5 
5b-75 115.3 1018.1 21 2.06 3.9 -19.2 0.21 3.03 14.4 16.8 0.06 2.0 
5b-76 116.3 1035.9 19.8 1.91 5.1 -18.9 0.33 4.07 12.3 14.4 0.08 1.8 
5b-77 117.3 1006.1 23.5 2.34 3.2 -19.6 0.09 1.12 11.9 13.9 0.03 2.3 
5b-79 118.3 1006.1 17 1.69 5.8 -19.1 0.41 4.22 10.4 12.1 0.07 1.6 
5b-80 119.4 1005.2 20.9 2.08 2.3 -20.1 0.11 1.15 10.5 12.2 0.02 2.1 
	 
291	
Core 5  
ID  Depth (m) 
Initial 
Wt. 
Sed. 
(mg) 
Insol. 
Wt. 
% 
Insol. δ15N δ13C 
Wt 
% 
N 
Wt 
% C N C/N 
% 
TOC 
% 
Insol. 
Residue 
5b-81 120.5 1010.8 28.6 2.83 4.7 -20.1 0.13 1.35 10.3 12.0 0.04 2.8 
5b-83 121.2 1004.7 22.4 2.23 3.0 -21.1 0.16 1.56 10.1 11.7 0.03 2.2 
5b-84 122.3 1011.6 28 2.77 4.3 -20.9 0.14 1.52 11.1 12.9 0.04 2.7 
5b-85 123.3 1009.3 24.1 2.39 10.1 -21.1 0.11 1.32 11.7 13.7 0.03 2.4 
5b-88 128.4 991.1 31 3.13 10.7 -20.6 0.16 1.77 11.3 13.2 0.06 3.1 
5b-89 129.7 989.3 19.5 1.97 5.5 -20.4 0.20 2.32 11.8 13.8 0.05 1.9 
5b-89   989.3 19.5 1.97 15.5 -20.8 0.10 1.37 13.9 16.2 0.03 1.9 
5b-97 139.2 1012.6 16.4 1.62   -19.2 0.13 1.78 14.2 16.5 0.03 1.6 
5b-99 141.2 1006.2 80.4 7.99 9.9 -21.3 0.12 1.34 11.0 12.8 0.11 7.9 
5b-99 141.2 1006.2 80.4 7.99 5.5 -21.4 0.09 1.12 12.3 14.3 0.09 7.9 
5b-101 144.0 994.5 66.3 6.67   -21.2 0.13 1.62 12.3 14.3 0.11 6.6 
5b-102 144.9 1011.5 28.7 2.84   -21.1 0.25 2.96 12.0 14.0 0.08 2.8 
 
 
Table C15: TOC analysis data for Core 4. 
Core 4  
ID  Depth (m) 
Initial 
Wt. 
Sed. 
(mg) 
Insol. 
Wt. 
% 
Insol. δ15N δ13C 
Wt 
% 
N 
Wt 
% C N C/N %TOC 
% 
Insol. 
Residue 
4-0.3 0.3 939.7 17.7 1.88 6.5 -21.9 0.27 2.88 10.6 12.4 0.05 1.8 
4-1.3 1.3 1020.4 7.6 0.74 2.1 -22.6 0.21 2.21 10.6 12.3 0.02 0.7 
4-2.3 2.3 1008.4 4.9 0.48 1.0 -23.4 0.21 2.14 10.2 11.9 0.01 0.5 
4-3.3 3.3 1001.8 16.1 1.61 3.5 -23.6 0.10 1.02 10.4 12.2 0.02 1.6 
4-4.3 4.3 1015.3 4.9 0.48 2.3 -24.2 0.28 2.47 8.9 10.4 0.01 0.5 
4-5.3 5.3 1008.5 4.3 0.43 5.3 -23.8 0.55 4.98 9.0 10.5 0.02 0.4 
4-6.5 6.5 1005.8 7.0 0.70 1.2 -24.3 0.26 2.49 9.4 11.0 0.02 0.7 
4-7.1 7.1 1002.8 5.8 0.58 0.5 -24.0 0.19 1.92 10.0 11.6 0.01 0.6 
4-8.4 8.4 1003.1 3.0 0.30 1.9 -22.9 0.79 5.17 6.5 7.6 0.02 0.3 
4-9.4 9.4 1002.3 1.6 0.16 2.0 -22.0 0.63 5.83 9.3 10.8 0.01 0.2 
4-10.4 10.4 1012.9 1.6 0.16 1.6 -22.4 0.60 7.37 12.3 14.4 0.01 0.1 
4-11.4 11.4 1004.6 3.2 0.32 0.1 -25.9 0.37 6.54 17.5 20.4 0.02 0.3 
4-12.6 12.6 1007.7 2.2 0.22 2.9 -23.5 0.50 5.93 11.8 13.8 0.01 0.2 
4-13.6 13.6 1002.6 4.1 0.41 2.7 -23.7 0.21 3.02 14.2 16.6 0.01 0.4 
4-14.7 14.7 1004.6 4.2 0.42 3.3 -21.4 0.31 3.10 10.1 11.8 0.01 0.4 
4-15.6 15.6 1016.6 3.6 0.35 6.5 -21.4 0.73 4.08 5.6 6.6 0.01 0.3 
4-16.4 16.4 1008.7 2.9 0.29 5.1 -24.4 0.29 3.34 11.3 13.2 0.01 0.3 
4-17.4 17.4 1000.6 3.4 0.34 3.0 -24.1 0.41 4.22 10.3 12.0 0.01 0.3 
4-18.6 18.6 1006.0 3.2 0.32 2.2 -24.6 0.29 3.58 12.6 14.7 0.01 0.3 
4-19.4 19.4 1003.0 3.2 0.32 4.8 -23.9 0.49 4.23 8.6 10.1 0.01 0.3 
4-20.4 20.4 1002.7 1.1 0.11 6.4 -22.9 2.13 15.28 7.2 8.4 0.02 0.1 
4-21.5 21.5 1000.7 1.9 0.19 6.8 -22.8 0.87 6.64 7.7 8.9 0.01 0.2 
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Core 4  
ID  Depth (m) 
Initial 
Wt. 
Sed. 
(mg) 
Insol. 
Wt. 
% 
Insol. δ15N δ13C 
Wt 
% 
N 
Wt 
% C N C/N %TOC 
% 
Insol. 
Residue 
4-22.4 22.4 1004.2 0.8 0.08 6.8 -23.6 1.26 12.85 10.2 11.9 0.01 0.1 
4-23.4 23.4 1006.6 1.4 0.14 7.4 -23.4 1.17 8.73 7.5 8.7 0.01 0.1 
4-24.6 24.6 1000.6 2.0 0.20 6.5 -24.9 0.83 10.01 12.0 14.0 0.02 0.2 
4-25.4 25.4 1003.8 0.9 0.09 7.3 -23.9 1.08 10.79 10.0 11.6 0.01 0.1 
4-26.4 26.4 1002.9 1.1 0.11 4.8 -24.6 1.02 8.85 8.7 10.1 0.01 0.1 
4-27.5 27.5 850.6 1.4 0.16 6.0 -23.5 0.73 5.96 8.2 9.5 0.01 0.2 
4-28.5 28.5 954.0 1.9 0.20 5.9 -25.1 0.65 8.06 12.5 14.5 0.02 0.2 
4-29.5 29.5 1009.5 2.7 0.27 5.4 -24.1 0.39 3.92 10.0 11.7 0.01 0.3 
4-30.5 29.5 900.0 2.7 0.30 5.3 -24.7 0.60 6.36 10.5 12.3 0.02 0.3 
4-32.5 29.5 1006.7 2.0 0.20 4.7 -24.4 0.51 5.74 11.3 13.1 0.01 0.2 
4-33.5 29.5 973.6 2.9 0.30 4.7 -24.1 0.28 2.51 8.8 10.3 0.01 0.3 
4-35.4 35.4 900.0 1.3 0.14 6.0 -24.4 0.68 6.75 10.0 11.6 0.01 0.1 
4-36.5 36.5 815.4 1.1 0.13 3.7 -24.9 1.01 8.44 8.3 9.7 0.01 0.1 
4-37.5 36.5 821.4 2.4 0.29 0.6 -24.6 0.56 4.72 8.4 9.8 0.01 0.3 
4-38.5 36.5 959.6 4.1 0.43 5.3 -25.2 0.27 3.03 11.1 13.0 0.01 0.4 
4-39.5 36.5 1009.6 3.1 0.31 2.4 -25.0 0.29 2.62 8.9 10.4 0.01 0.3 
4-40.5 36.5 1002.9 4.4 0.44 0.0 -25.1 0.19 1.40 7.4 8.7 0.01 0.4 
4-41.5 36.5 1004.8 7.4 0.74 0.1 -24.8 0.18 1.24 6.8 8.0 0.01 0.7 
4-42.5 36.5 1005.7 5.5 0.55 0.1 -25.1 0.19 1.30 6.8 8.0 0.01 0.5 
4-43.5 36.5 1011.8 4.7 0.46 1.1 -25.3 0.29 2.37 8.1 9.4 0.01 0.5 
4-44.5 36.5 991.2 5.2 0.52 -3.5 -26.2 0.24 1.89 8.0 9.3 0.01 0.5 
4-45.6 45.6 922.2 4.5 0.49 0.1 -24.9 0.30 2.41 8.0 9.3 0.01 0.5 
4-46.5 46.5 883.3 6.1 0.69 -1.7 -14.2       0.0 0.00 0.7 
4-47.5 47.5 1004.3 2.5 0.25 4.0 -24.8 0.39 4.51 11.5 13.4 0.01 0.2 
4-48.5 48.5 1009.8 3.8 0.38 0.1 -24.9 0.37 3.47 9.5 11.0 0.01 0.4 
4-49.5 49.5 973.0 4.2 0.43 -0.7 -24.9 0.28 2.43 8.6 10.0 0.01 0.4 
4-50.5 50.5 1007.1 21.0 2.09 -1.1 -24.9 0.07 0.66 9.9 11.5 0.01 2.1 
4-51.5 51.5 810.4 5.4 0.67 0.6 -24.6 0.37 2.62 7.1 8.3 0.02 0.6 
4-54.5 54.5 1009.1 7.0 0.69 -1.5 -23.5 0.14 1.01 7.1 8.3 0.01 0.7 
4-55.5 55.5 1005.6 3.4 0.34 -1.2 -25.6 0.39 11.60 30.0 35.0 0.04 0.3 
4-56.5 56.5 1005.0 3.4 0.34 5.5 -24.7 0.29 3.47 12.1 14.1 0.01 0.3 
4-57.5 57.5 1004.5 2.5 0.25 4.8 -23.8 0.41 3.90 9.4 11.0 0.01 0.2 
4b-1 60.5 1562.0 6.7 0.43 2.7 -27.6 0.13 5.98 46.9 54.7 0.03 0.4 
4b-2 61.5 1495.5 3.7 0.25 2.4 -25.4 0.12 2.20 17.6 20.6 0.01 0.2 
4b-3 62.45 1491.3 8.1 0.54 2.1 -24.5 0.06 0.90 14.8 17.3 0.00 0.5 
4b-6 65.65 1519.2 28.2 1.86 4.1 -21.9 0.04 0.38 9.4 11.0 0.01 1.8 
4b-7 67.05 1569.3 27.1 1.73 6.2 -23.9 0.04 0.57 13.3 15.5 0.01 1.7 
4b-8 68.5 1496.2 27.0 1.80 14.8 -22.9 0.03 0.39 14.0 16.3 0.01 1.8 
4b-9 71.3 1454.9 25.4 1.75 34.4 -22.0 0.05 0.63 12.2 14.2 0.01 1.7 
4b-12 75.75 1456.8 81.7 5.61 4.2 -19.7 0.05 0.54 11.0 9.4 0.03 5.6 
4b-13 78.85 1512.3 102.1 6.75 29.5 -20.7 0.03 0.30 9.0 10.5 0.02 6.7 
4b-14 80.15 1504.4 74.1 4.93 4.6 -20.4 0.03 0.35 13.3 11.4 0.02 4.9 
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Core 4  
ID  Depth (m) 
Initial 
Wt. 
Sed. 
(mg) 
Insol. 
Wt. 
% 
Insol. δ15N δ13C 
Wt 
% 
N 
Wt 
% C N C/N %TOC 
% 
Insol. 
Residue 
4b-15 81.8 1510.1 162.4 10.75 3.9 -19.8 0.04 0.54 12.9 15.1 0.06 10.7 
4b-16 82.65 1417.6 289.8 20.44 6.2 -20.3 0.05 0.66 12.6 14.7 0.13 20.3 
4b-17 83.55 1559.3 98.4 6.31 3.6 -19.5 0.04 0.44 11.3 13.2 0.03 6.3 
4b-18 84.45 1556.2 19.5 1.25 4.3 -18.1 0.09 1.03 11.8 13.7 0.01 1.2 
4b-20   1542.8 3.5 0.23 3.0 -20.1 0.17 2.09 12.6 14.7 0.00 0.2 
4b.21 87.8 1512.8 134.2 8.87 4.3 -18.7 0.04 0.43 11.2 9.6 0.04 8.8 
4b-22 89.15 1533.1 13.2 0.86 0.9 -19.8 0.07 0.97 14.1 16.4 0.01 0.9 
4b-23 90.2 1449.9 16.5 1.14 5.9 -18.7 0.22 2.93 13.3 15.5 0.03 1.1 
4b-24 91.2 1581.2 21.2 1.34 4.7 -18.0 0.10 1.22 11.8 13.8 0.02 1.3 
4b-26 92.65 1567.7 27.9 1.78 6.0 -17.6 0.16 2.04 13.0 11.1 0.04 1.7 
4b-28 94.8 1426.5 5.1 0.36 4.1 -18.2 0.42 5.85 14.1 16.4 0.02 0.3 
4b-29 95.25 1430.1 10.9 0.76 5.1 -18.5 0.27 3.32 12.5 14.5 0.03 0.7 
4b-30 96.45 1473.7 34.6 2.35 4.0 -17.8 0.10 1.18 11.8 13.8 0.03 2.3 
4b-31 97.7 1512.9 45.5 3.01 4.1 -18.2 0.10 1.16 11.2 13.1 0.03 3.0 
4b-32 98.65 1430.1 32.8 2.29 3.5 -17.8 0.11 1.46 13.1 15.2 0.03 2.3 
4b.33 99.8 1450.2 22.8 1.57 4.4 -16.3 0.12 1.68 13.6 11.7 0.02 1.6 
4b-34 100.95 1485.2 56.7 3.82 25.8 -19.9 0.10 1.01 10.5 12.2 0.03 3.8 
4b-35 102 1556.0 48.2 3.10 8.3 -17.2 0.08 0.81 10.8 12.6 0.09 3.0 
4b.36 103.2 1481.7 33.8 2.28 4.5 -17.1 0.07 0.93 13.1 11.2 0.05 2.2 
4b-37 104.65 1522.6 10.3 0.68 4.1 -16.8 0.26 2.84 10.8 12.6 0.01 0.7 
4b-38 106.1 990.9 20.3 2.05 4.1 -17.5 0.17 2.19 12.7 14.8 0.06 2.0 
4b-39 107.05 1004.3 33.7 3.36 2.8 -18.2 0.11 1.55 13.6 15.9 0.09 3.3 
4b-40 108.7 1021.9 34.4 3.37 12.1 -18.1 0.21 2.91 14.2 16.5 0.06 3.3 
4b-41 110 991.2 28.8 2.91 2.5 -17.0 0.19 2.64 13.9 16.2 0.02 2.9 
4b-42 110.95 974.2 57.8 0.37 2.3 -19.2 0.12 1.66 13.7 11.8 0.00 0.4 
4b-43 112.05 1047.1 103.2 0.37 2.3 -19.9 0.06 0.84 14.8 12.7 0.00 0.4 
4b-44 112.2 1011.9 113.4 0.37 2.4 -20.2 0.06 0.81 13.4 11.5 0.00 0.4 
4b-45 112.4 1001.1 70.6 7.05 4.6 -20.1 0.08 1.02 12.8 15.0 0.07 7.0 
4b-46 113.3 991.5 50.3 0.37 2.5 -19.7 0.09 1.27 14.7 12.6 0.00 0.4 
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Table D1: 87Sr/86Sr ratio and calculated ages based on McArthur et al. (2001). 
Sample ID Depth (m) 
Adjusted 
87Sr/86Sr 
ratio 
Upper 
Limit 
(Ma) 
Mean 
(Ma) 
Lower 
Limit 
(Ma) 
2SDEV 2SE 
1-2.19 2.19 0.70915 0.83 0.77 0.73 2.92E-05 1.31E-05 
1-2.76 2.76 0.70914 0.97 0.93 0.88 4.14E-05 1.85E-05 
1-2.93 2.93 0.70914 0.97 0.93 0.88 6.28E-05 2.81E-05 
1-3.34 3.34 0.70911 1.40 1.37 1.33 3.78E-05 1.69E-05 
1-5.3 5.3 0.70910 1.73 1.65 1.60 3.26E-06 1.81E-05 
1-5.61 5.61 0.70910 1.65 1.60 1.53 2.09E-05 9.35E-06 
1-15.15 15.15 0.70912 1.37 1.33 1.29 5.86E-05 2.62E-05 
2-6.62 6.62 0.70908 2.33 2.25 2.15 5.02E-05 2.25E-05 
2-40.4 40.4 0.70910 1.58 1.53 1.48 4.02E-05 1.80E-05 
2-43.9 43.9 0.70911 1.38 1.33 1.3 5.89E-05 2.64E-05 
3-5 5 0.70914 1.05 1.00 0.95 5.18E-05 1.74E-05 
3-6.2 6.2 0.70914 1.08 1.03 1.00 6.40E-05 6.27E-06 
3-9.62 9.62 0.70917 0.27-0.28 0.24 0.21 3.69E-05 3.20E-05 
3-10.5a 10.5 0.70914 0.97 0.93 0.88 4.18E-05 1.13E-05 
3-10.5b 10.5 0.70916 0.50 0.45 0.41 1.27E-04 1.87E-05 
3-10.9 10.9 0.70917 0.24-0.26 0.21 0.18 1.02E-04 1.55E-05 
4-3.75 3.75 0.70918 0 0.55 0 2.42E-05 1.08E-05 
4-5.4 5.4 0.70918 0 0.8 0 3.22E-05 1.44E-05 
4-8.2 8.2 0.70918 0 0.67 0 2.53E-05 1.13E-05 
4-8.5 8.5 0.70915 0.72 0.67 0.63 3.12E-05 1.40E-05 
4-9.15 9.15 0.70915 0.72 0.67 0.63 2.67E-05 1.19E-05 
4-10a 10 0.70915 0.75 0.7 0.68 1.85E-05 8.29E-06 
4-10b 10 0.70916 0.50 0.45 0.41 1.17E-04 2.13E-05 
4-12.95 12.95 0.70916 0.68 0.63 0.58 1.54E-05 6.87E-06 
4-13.4 13.4 0.70917 0.27 0.24 0.21 1.33E-05 5.96E-06 
4-14.2 14.2 0.70915 0.68 0.63 0.58 3.65E-05 1.63E-05 
4B-95.50 95.5 0.70912 1.30 1.27 1.23 2.95E-05 1.32E-05 
4B-99.10 99.1 0.70913 1.18 1.16 1.10 2.24E-05 1.00E-05 
4B-98.10 99.1 0.70913 1.18 1.15 1.12 4.75E-05 2.13E-05 
4B-102.10a 102.1 0.70919 0 0 0 2.40E-05 1.07E-05 
4B-102.10b 102.1 0.70917 0.36 0.33 0.29 2.96E-05 1.32E-05 
5-9.7 9.7 0.70916 0.42-0.45 0.38-.40 0.33-0.36 
 
2.03E-05 
DR5-11.9 11.9 0.70916 0.5 0.44-.46 0.40-0.42 
 
6.24E-06 
DR5-13.0 13 0.70916 0.6 0.55 0.49 
 
1.98E-05 
DR5-18.4 18.4 0.70916 0.6 0.55 0.49 
 
1.06E-05 
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Table E1: Calculated hydraulic conductivity (converted to permeability), and porosity 
data for plug and borehole. 
Core 4 
HYDRAULIC CONDUCTIVITY (K)/PERMEABILITY (k) POROSITY 
Depth Q H (cm) K (cm/min) 
K 
(cm/s) k (D) Plug  Well  
2.1 151416.5 367.28 1.3479 0.022 9.62 32.0 35.0 
3.0 352043.3 458.28 2.5116 0.042 17.93 40.9 40.5 
3.9 454249.4 549.28 2.7038 0.045 19.30 34.3 46.7 
4.9 416395.3 704.292 1.9330 0.032 13.80 40.0 40.5 
5.8 643520.0 731.28 2.8771 0.048 20.54     
6.7 870644.7 822.28 3.4618 0.058 24.72     
7.6 870644.7 913.28 3.1169 0.052 22.25     
8.5 681374.1 1004.28 2.2183 0.037 15.84 39.9 37.1 
9.4 719228.2 1095.28 2.1469 0.036 15.60 34.6 37.9 
10.3 700301.2 1186.28 1.9301 0.032 11.60 24.0 35.5 
11.3 757082.4 1277.28 1.9379 0.032 11.89 24.0 36.0 
12.2 719228.2 1368.28 1.7186 0.029 11.44     
13.1 662447.1 1459.28 1.4842 0.025 11.38 39.0 40.2 
14.0 529957.6 1550.28 1.1177 0.019 8.57 45.0 35.1 
14.9 586738.8 1641.28 1.1688 0.019 8.96     
15.8 605665.9 1732.28 1.1431 0.019 8.77 15.0 22.8 
16.7 681374.1 1823.28 1.2218 0.020 9.37 15.0 19.3 
17.7 643520.0 1914.28 1.0991 0.018 8.43     
18.6 662447.1 2005.28 1.0801 0.018 8.28 21.0 33.3 
19.5 673803.3 2096.28 1.0509 0.018 8.06     
20.4 605665.9 2187.28 0.9053 0.015 6.94     
Length = 125 cm µ = dynamic viscosity (0.404 kg/m.s @ 70° for freshwater) 
radius = 9.6 cm ρ=density (975.0 kg/m3 @ 70° for freshwater)   
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Table E2: Calculated hydraulic conductivity (converted to permeability), and porosity 
data for plug and borehole. 
Core 5 
HYDRAULIC CONDUCTIVITY (K)/PERMEABILITY (k) POROSITY 
Depth  Q H (cm) K (cm/min) 
K 
(cm/s) k (D) Plug  Well  
2.1 151416.5 458.28 1.1602 0.019 7.71 47.7 34.8 
3.1 151416.5 549.28 0.9680 0.016 6.43 25.0 30.5 
4.1 492103.5 640.28 2.6988 0.045 17.94 28.2 30.5 
5 624592.9 731.28 2.9992 0.050 19.94 35.1 32.8 
5.9 529957.6 822.28 2.2631 0.038 15.04 16.6 38.3 
6.8 567811.8 913.28 2.1832 0.036 14.51 45.1 36.7 
7.7 416395.3 1004.28 1.4559 0.024 9.68 30.5 36.7 
8.6 454249.4 1095.28 1.4563 0.024 9.68 33.8 33.3 
9.5 605665.9 1186.28 1.7928 0.030 11.92 26.1 32.6 
10.5 776009.4 1277.28 2.1334 0.036 14.18 38.9 35.4 
11.4 832790.6 1368.28 2.1372 0.036 14.21 31.5 43.0 
12.3 832790.6 1459.28 2.0039 0.033 13.32     
Length = 125 cm µ = dynamic viscosity (0.404 kg/m.s @ 70° for freshwater) 
radius = 9.6 cm ρ=density (975.0 kg/m3 @ 70° for freshwater)   
 
Table E3: Calculated hydraulic conductivity (converted to permeability), and porosity 
data for plug and borehole. 
Core 1 
HYDRAULIC CONDUCTIVITY (K)/PERMEABILITY (k) POROSITY 
Depth Q H (cm) K (cm/min) 
K 
(cm/s) k (D) Plug  Well  
2.3 151416.5 458.28 1.0802 0.018 7.71 31.9 34.7 
3.2 151416.5 549.28 0.9013 0.015 6.43 33.7 33.8 
4.1 151416.5 640.28 0.7732 0.013 5.52 33.0 27.7 
5.0 151416.5 731.28 0.6770 0.011 4.83 20.5 29.0 
6.0 378541.2 822.28 1.5051 0.025 10.75 29.0 29.7 
6.9 355828.7 913.28 1.2738 0.021 9.09 33.0 29.7 
7.8 757082.4 1004.28 2.4647 0.041 17.60 30.5 33.6 
8.7 870644.7 1095.28 2.5989 0.043 18.56 33.6 33.6 
9.6 927425.9 1186.28 2.5561 0.043 18.25 25.4 29.5 
10.5 1040988 1277.28 2.6646 0.044 19.02 24.4 34.5 
11.4 1003134 1368.28 2.3970 0.040 17.11 23.3 37.3 
12.4 1003134 1459.28 2.2475 0.037 16.05 31.1 45.4 
13.3 908498.8 1550.28 1.9160 0.032 13.68 31.1 30.7 
14.2 927425.9 1641.28 1.8475 0.031 13.19 23.9 30.7 
Length = 125 cm µ = dynamic viscosity (0.404 kg/m.s @ 70° for freshwater) 
radius = 9.6 cm ρ=density (975.0 kg/m3 @ 70° for freshwater)   
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Table F1: Bulk density and porosity calculated for core 5. 
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
54.4 1.93 28.70 1133.4 1.55 42.73 2275.3 1.61 40.73 2807.2 1.52 44.01
64.7 1.53 43.57 1195.25 1.49 45.00 2305.3 1.40 48.21 3833.65 1.51 44.26
75.55 1.59 41.42 1255.4 1.52 43.85 2313.05 1.59 41.44 4405.05 1.55 42.66
84.9 1.77 34.66 1263.25 1.55 42.96 2318.5 1.74 35.84 2811.55 1.58 41.65
92.05 1.69 37.54 1270.5 1.71 37.02 2326.5 1.79 33.96 3811.35 1.64 39.47
99.9 1.57 42.12 1277.75 1.66 38.89 2334.95 1.99 26.47 4274.2 1.57 41.90
112.95 1.97 27.38 1340.1 1.71 36.85 2394.2 1.88 30.51 3894.65 1.58 41.69
123.15 1.82 32.92 1404.15 1.40 48.27 2452.7 1.70 37.17 3246.95 1.31 51.48
130.1 1.82 32.82 1412.2 1.34 50.47 2458.55 1.68 38.17 3395.55 1.59 41.25
137.85 1.95 28.21 1424.45 1.80 33.56 2463.9 1.47 45.58 3676.15 1.77 34.59
145.15 1.95 27.88 1439.1 1.94 28.39 2468.15 1.94 28.51 4775 1.63 40.00
157.1 2.05 24.31 1452 1.67 38.29 2535.1 1.60 40.86 3980.7 1.35 50.11
170.9 1.82 32.81 1460.2 1.25 53.82 2602.8 1.69 37.60 3851.4 1.33 50.97
188.5 1.63 39.86 1465.1 1.57 41.94 2608.6 1.52 43.90 4412.45 1.47 45.91
202.8 1.41 48.05 1472.05 1.73 36.24 2614.45 1.51 44.23 2821.3 1.51 44.29
208.85 1.80 33.61 1479.85 1.66 38.57 2620.7 1.57 42.15 4705.6 1.37 49.43
225.2 1.94 28.46 1489.4 1.63 39.92 2687.05 1.62 40.25 4790.8 1.38 49.18
251.3 2.00 26.21 1597.4 1.66 38.61 2754.55 1.34 50.37 4861.55 1.52 44.03
273.8 1.86 31.42 1705.35 1.55 42.97 2762.35 1.36 49.92 3259.85 1.29 52.49
287.35 1.91 29.66 1713.6 1.43 47.05 2768.7 1.50 44.57 3407.15 1.26 53.68
301.25 1.94 28.45 1722.5 1.59 41.41 2774.65 1.58 41.57 4568.45 1.32 51.24
330.55 1.83 32.40 1731.45 1.63 39.78 2780.8 1.38 48.99 5010.25 1.39 48.56
356.2 1.83 32.51 1738.5 1.38 49.15 2842.05 1.69 37.62 5165.9 1.47 45.59
366.05 1.75 35.39 1752.1 1.46 46.23 2904.7 1.11 59.04 3867.8 1.36 49.74
374.7 1.80 33.50 1770.4 1.52 44.03 2913.45 1.51 44.24 5007.4 1.48 45.27
389 1.71 36.90 1783.95 1.46 46.05 3058.75 1.56 42.62 2832.8 1.44 46.72
408.75 1.96 27.78 1819.35 1.54 43.25 3356.1 1.71 36.96 4714.55 1.48 45.26
422.95 2.00 26.07 1863.1 1.42 47.54 3210.9 1.76 34.91 5309.9 1.51 44.29
463.35 1.71 36.94 1882.55 1.62 40.05 2780.7 1.25 53.81 4878.5 1.58 41.88
503.35 1.44 46.99 1891.75 1.42 47.49 2787.8 1.28 52.75 3269.25 1.46 46.11
510.8 1.62 40.39 1898.3 1.40 48.29 3350 1.35 50.27 4580.5 1.57 42.15
582.45 1.92 29.07 1903.9 1.53 43.39 4104.3 1.08 60.09 5453.75 1.67 38.31
653.7 1.47 45.63 1912.75 1.47 45.64 2791.05 1.11 58.86 5023.55 1.07 60.65
662.85 2.01 25.69 1924.6 1.59 41.34 2908.2 1.15 57.65 5184.65 1.66 38.75
734.15 1.87 31.13 1964.75 1.84 32.25 3579.7 1.18 56.44 4888.4 1.50 44.74
807.6 1.56 42.30 2005.15 1.64 39.54 2921.3 1.37 49.30 5603.45 1.77 34.58
822 1.48 45.40 2015.7 1.54 42.99 3210.95 1.27 53.15 4420.5 1.54 43.15
830.8 2.02 25.54 2024.5 1.55 42.76 3370.85 1.21 55.33 4720.55 2.07 23.54
835.95 2.08 23.23 2032 1.51 44.39 3655.45 1.30 52.06 5684.9 2.04 24.62
842 1.82 32.96 2040 1.52 43.90 2792.95 1.29 52.38 4886.3 1.94 28.38
897.45 1.65 39.15 2049.5 1.60 40.94 2797.25 1.34 50.40 4736.8 1.82 32.72
953.55 1.90 29.86 2062.3 1.70 37.26 3811.65 1.29 52.26 6050 1.92 29.18
967.2 1.85 31.62 2076.8 1.62 40.12 4254.3 1.21 55.44 5461.25 1.02 62.39
986.7 1.90 29.91 2117.05 1.58 41.65 2801.55 1.33 50.82 5032.55 1.46 45.99
1006.35 1.93 28.86 2163.95 1.66 38.80 2919.55 1.51 44.16 5843.75 1.52 43.93
1022.65 1.45 46.46 2186.45 1.60 40.83 4258.4 1.28 52.77 5903.55 1.04 61.65
1030.85 1.79 34.08 2200.5 1.61 40.64 2932.2 1.28 52.63 6128.45 1.57 42.00
1066.5 1.84 32.17 2210.8 1.69 37.58 3230.5 1.43 47.35
1103.5 1.78 34.37 2220.4 1.45 46.41 3383.65 1.34 50.47
1113.55 1.78 34.46 2229 1.69 37.62 3663.15 1.41 47.85
1123.2 2.09 22.99 2241.7 1.41 47.93 3676 1.30 52.12
Core	5
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Table F2: Bulk density and porosity calculated for core 4. 
 
Mean	
Depth	(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
Mean	
Depth	(cm)
Bulk	
Density	
(g/cm^3) %	porosity
4.2 1.77 34.80 1074.75 1.99 26.57
18.55 1.83 32.58 1090.95 1.93 28.62
30.25 2.03 25.15 1104.85 1.63 39.67
35 2.07 23.51 1179.85 1.64 39.64
69.1 2.16 20.38 1254.2 1.56 42.56
109.5 1.89 30.28 1265.2 1.47 45.80
127.45 1.87 30.96 1280.05 1.48 45.22
144.9 1.79 33.81 1291.2 1.43 47.05
159.05 1.66 38.71 1300.95 1.77 34.86
169.5 1.81 33.15 1316.3 1.88 30.78
185.15 1.85 31.72 1329.15 1.60 40.83
203.35 1.86 31.46 1336.8 1.52 43.75
221 1.67 38.29 1343.7 1.69 37.56
244.95 1.62 40.31 1349.85 1.74 35.82
262.8 1.59 41.24 1376.3 1.66 38.82
308.25 1.67 38.31 1403.9 1.53 43.61
355.5 1.57 41.89 1417.8 1.58 41.55
365.15 1.37 49.58 1430.45 1.59 41.16
373.75 1.52 44.09 1435.7 2.10 22.39
439.1 1.32 51.18 1446.05 2.09 22.94
504 1.61 40.68 1501.9 2.07 23.46
579 1.62 40.27 1625 2.11 22.17
803.7 1.65 39.07 1704.7 2.29 15.40
813.1 1.76 35.06 1779.7 2.10 22.46
822.7 1.42 47.52 1854.75 1.50 44.52
837.15 1.57 42.13 1864.75 1.63 39.95
850.85 1.84 32.00 1872.75 1.67 38.36
858.3 1.79 33.78 1879.1 1.88 30.53
876.6 1.61 40.60 1884.9 1.71 36.91
920.3 1.65 38.94 1889.5 2.24 17.24
958.1 1.61 40.71 1896.6 1.76 35.00
969.5 1.84 32.17 1906.95 1.78 34.36
975.85 1.85 31.62 1918.3 1.78 34.32
988.5 1.47 45.82 1927.7 1.18 56.53
1011.25 1.61 40.55 1935.75 2.08 23.34
1039.3 1.68 37.90 2045.05 2.03 25.02
1060.9 1.71 37.05 2155.05 1.66 38.78
Core	4
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Table F3: Bulk density and porosity calculated for core 3. 
 
 
 
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
Mean	
Depth	(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
Mean	
Depth	(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
3.8 1.96 27.53 1742.65 1.51 44.40 5016.5 1.44 46.78
10.75 2.06 23.91 1753.8 1.73 36.03 5026.95 1.50 44.50
18.1 2.11 21.97 1766.25 1.64 39.36 5036.85 1.51 44.26
26.8 1.78 34.49 1812.1 1.51 44.26 5096.7 1.39 48.66
38 1.64 39.32 1857.85 1.54 43.24 5156.3 1.74 35.92
48.4 1.93 28.77 1870.75 1.50 44.55 5174.2 1.66 38.69
59.2 1.80 33.49 1937.9 1.83 32.61 5194.4 1.67 38.30
133.15 1.70 37.21 2005.75 2.02 25.38 5213.4 1.78 34.47
207.7 1.72 36.65 2014.3 1.81 33.17 5230 1.88 30.80
223.85 1.76 35.04 2083.55 1.94 28.53 5343.1 1.67 38.42
291.15 1.78 34.23 2303.25 1.68 38.15 5460.45 1.53 43.51
353.75 1.65 39.08 2320.7 1.45 46.65 5476.4 1.65 39.16
428.75 1.90 30.04 2342.7 1.41 47.86 5494.7 1.75 35.53
507.45 1.73 36.25 2400.25 1.60 40.82 5512.65 1.56 42.29
519.7 1.85 31.92 2456.8 1.76 35.09 5525.6 1.59 41.39
533.7 1.63 39.70 2467.75 1.46 46.16 5566.7 1.55 42.77
553.6 1.79 33.88 2479.4 1.62 40.11 5604.75 1.47 45.90
607.15 1.63 39.73 2495.6 1.82 33.01 5617.05 1.56 42.27
665.05 1.81 33.30 2552.15 1.73 36.24 5630.25 1.71 36.98
687.95 1.46 46.04 2607.75 1.51 44.18 5641.2 1.51 44.42
747.9 1.54 43.22 2618.7 1.69 37.54 5651.35 1.40 48.24
808.25 1.56 42.42 2685.95 1.53 43.41 5703.1 1.51 44.36
820.15 1.60 41.14 2757.2 1.70 37.35 5752.35 1.42 47.64
837.35 2.02 25.31 2771 1.59 41.39 5767.55 1.45 46.40
858.95 1.65 39.20 2838.8 1.73 36.12 5786.1 1.35 50.24
874.1 1.59 41.28 2903.6 1.52 44.06 5794.75 1.37 49.53
892.5 1.69 37.63 2978.6 1.67 38.46 5801.75 1.35 50.12
926.9 1.55 42.68 3275 1.85 31.72 5814.85 1.47 45.90
953.7 1.35 50.22 3425 1.67 38.36 5828.75 1.36 49.89
965.35 1.62 40.16 3502.55 1.74 35.84 5866.8 1.41 47.93
983.35 1.81 33.12 3509.35 1.45 46.33 5906.8 1.67 38.45
1000.05 1.71 36.99 3581.8 1.47 45.59 5922.35 1.62 40.10
1053.35 1.56 42.41 3651.85 2.08 23.36 5935.25 1.50 44.67
1105.25 1.60 40.98 3657.7 1.74 35.95 5994.7 1.81 33.24
1115 1.48 45.52 3730.85 1.77 34.60 6057.75 1.51 44.42
1126.35 1.61 40.54 3802.55 1.81 33.28 6132.75 1.28 52.69
1140.1 1.70 37.42 3808.35 1.82 32.93 6217.6 1.60 41.11
1198.5 1.61 40.64 3880.8 1.90 30.05 6292.6 1.62 40.10
1325 1.93 28.96 3953.7 1.94 28.26 6354.55 1.51 44.32
1403.15 2.14 21.03 4028.7 1.88 30.72 6365.9 1.74 35.79
1478.15 1.68 38.12 4103.55 1.99 26.64 6380.25 1.87 30.99
1562.2 1.55 42.79 4178.55 1.96 27.69 6443.9 1.81 33.31
1578.6 1.51 44.14 4325 1.61 40.63 6509.4 1.69 37.65
1599.35 1.58 41.55 4406.6 1.59 41.40 6584.4 1.98 27.01
1620.35 1.51 44.22 4416.2 1.54 43.09 6653.35 1.52 43.75
1662.4 1.70 37.18 4559.6 1.57 42.18 6661.65 2.01 25.82
1712.7 1.71 36.73 4775 1.65 39.29 6733.3 1.96 27.76
1730.7 1.71 36.99 5004.7 1.44 47.01 6875 1.83 32.53
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Table F4: Bulk density and porosity calculated for core 1. 
 
 
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3) %	porosity
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
3.4 1.97 27.20 709.6 1.88 30.53 2162.85 2.04 24.81
9.35 1.89 30.43 723.95 2.04 24.83 2237.85 1.98 26.92
21.75 2.00 26.35 758.4 1.91 29.63 2315.1 1.45 46.53
34.85 1.77 34.57 797.1 1.69 37.49 2323.3 1.47 45.84
64.05 1.91 29.53 894.75 1.70 37.20 2332.3 1.78 34.47
93.5 1.81 33.03 965.35 1.74 35.89 2340.9 1.68 38.13
100.25 1.86 31.19 974.95 1.61 40.74 2348.4 1.56 42.40
112.6 1.78 34.43 981.95 1.83 32.48 2362.2 1.53 43.70
125.25 1.96 27.55 1047.35 1.91 29.50 2374.2 1.68 38.08
130.6 2.11 21.96 1120.75 1.55 42.98 2385.9 1.57 42.07
134.1 1.96 27.72 1136.05 1.62 40.25 2400.1 1.78 34.14
139 1.92 29.03 1143.45 1.67 38.39 2409.1 2.09 22.97
146.05 1.99 26.45 1148 1.84 31.98 2415.35 1.80 33.50
151.75 1.98 26.91 1152.95 1.99 26.55 2439.05 1.80 33.50
154.8 1.96 27.70 1167.05 1.37 49.35 2463 1.86 31.42
160.25 1.90 29.93 1182 2.01 25.67 2473.25 1.82 32.74
167.75 1.76 35.01 1223.05 1.78 34.49 2488.3 1.69 37.71
190.5 1.87 30.93 1263 1.78 34.48 2500.35 1.66 38.91
213.05 1.85 31.84 1270.75 1.55 42.95 2557.3 1.93 28.84
221.8 1.95 28.03 1342.75 1.48 45.43 2613.65 1.98 27.06
234.4 1.80 33.47 1414.75 1.88 30.78 2625.8 1.51 44.11
245.4 1.77 34.72 1423.25 2.03 24.93 2640.2 2.06 23.90
259.7 1.79 33.77 1435.9 1.81 33.07 2650.45 2.02 25.48
277.45 1.91 29.59 1463.5 1.79 33.87 2656.95 2.24 17.43
322.5 2.06 23.90 1487.5 1.92 29.18 2660.55 1.74 35.70
374.55 1.87 31.02 1494.3 1.91 29.54 2664.7 2.40 11.60
398.9 1.73 36.23 1498.95 1.85 31.84 2673.45 1.96 27.59
417.4 1.87 31.14 1505.05 1.45 46.61 2719.75 1.74 35.63
427.1 2.16 20.35 1534 1.70 37.21 2763.9 1.74 35.66
431.25 2.01 25.92 1563.35 1.75 35.44 2793.9 1.92 29.24
435.55 2.29 15.33 1580.9 1.54 43.16 2860 2.05 24.47
449.4 1.78 34.19 1604.15 1.50 44.48 2975 2.23 17.67
466.4 1.74 35.90 1617.4 1.30 52.09 3053.4 1.87 30.86
474.5 1.21 55.40 1630.35 1.80 33.76 3062.25 2.06 24.08
494.15 2.06 24.09 1644.15 1.65 39.18 3075.85 1.99 26.50
515.1 2.12 21.69 1679.6 1.69 37.67 3089.7 1.97 27.39
523.7 1.74 35.88 1713 1.28 52.77 3097.85 1.90 30.05
528.15 2.19 19.17 1719.75 1.97 27.39 3102.25 1.85 31.69
532.4 1.91 29.58 1726.5 1.96 27.81 3108.6 1.69 37.56
536.3 2.13 21.58 1794.75 2.03 25.25 3117.2 1.77 34.72
546.9 1.90 29.86 1875.3 2.03 25.12 3124.85 1.73 36.01
561.45 1.80 33.45 1899.05 1.77 34.64 3136.3 1.90 30.01
571.65 1.84 32.02 1922.1 2.08 23.17 3149.35 1.80 33.43
582.75 2.02 25.53 1939.65 1.97 27.37 3157.75 2.17 20.02
591.35 1.94 28.45 1948 1.85 31.84 3164 1.50 44.80
595.3 1.88 30.69 1956.65 1.99 26.46 3183.45 1.87 31.05
606.6 1.89 30.40 1965 1.29 52.25 3354.55 1.51 44.22
627.4 2.06 23.93 1975.9 1.79 34.12 3356.05 1.51 44.41
648.85 1.97 27.40 1985.2 1.61 40.59 3356.15 1.97 27.19
668.2 1.69 37.77 1991.95 1.66 38.89 3356 1.61 40.76
682.2 1.92 28.98 2002.9 1.77 34.76 3427 2.07 23.46
695.95 1.93 28.93 2085.3 1.66 38.88 3503.5 1.69 37.63
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Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3) %	porosity
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3) %	porosity
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3) %	porosity
3546 1.61 40.47 5456.2 1.60 40.93 7739.1 1.58 41.76
3590.85 1.89 30.12 5466.25 1.22 54.98 7856.7 1.57 41.99
3601.6 1.27 53.17 5474.3 1.18 56.40 7866.1 1.43 47.31
3628.25 1.86 31.50 5481.65 1.90 29.93 7872.65 1.83 32.56
3725 1.46 46.21 5489.8 1.38 49.24 7885.45 1.82 32.93
3803.2 1.73 36.18 5497.6 1.30 51.89 7907.45 1.74 35.98
3803.2 1.30 52.13 5550.2 1.50 44.79 7960.25 1.88 30.74
3803.05 2.11 22.03 5602.7 1.24 54.11 8012.05 1.91 29.66
3810.55 2.21 18.60 5610.7 1.02 62.31 8027.75 1.83 32.44
3882.5 2.21 18.27 5683 1.29 52.46 8041.25 1.96 27.60
3956.65 1.92 28.99 5903.25 1.22 54.94 8056.5 2.07 23.44
3966.75 1.99 26.62 5912.95 1.51 44.34 8180.95 1.96 27.51
3973.15 2.03 25.08 5922.8 1.43 47.31 8304.2 1.93 28.61
3978.7 1.37 49.41 5929.15 1.32 51.43 8313.45 1.71 37.05
3984.5 1.75 35.41 5991.05 1.47 45.65 8323.15 2.13 21.27
3991.85 1.92 29.17 6053.8 1.52 43.75 8332.25 2.12 21.86
4001.4 1.90 30.06 6060.3 1.48 45.27 8393.35 1.97 27.28
4009.9 1.76 35.20 6066.05 1.22 54.92 8453 2.01 25.68
4017.45 1.72 36.55 6073.05 1.28 52.77 8460.05 1.73 36.08
4025.2 1.41 47.85 6080.45 1.39 48.54 8468.9 1.87 31.17
4031.5 1.61 40.44 6141.95 1.45 46.35 8477.95 2.04 24.82
4041.1 1.75 35.55 6202.8 1.92 29.13 8541.1 2.15 20.51
4050.95 1.49 45.08 6845.8 1.34 50.67 8606 2.04 24.80
4058.15 1.73 36.13 6875.65 1.41 47.85 8615.8 2.25 16.92
4081.05 1.80 33.59 6920.3 1.54 43.16 8623.95 2.18 19.41
4104.25 1.85 31.62 6961.6 1.59 41.51 8632 1.94 28.29
4111.45 2.13 21.36 6985.65 1.68 37.85 8692.85 2.02 25.33
4121 1.48 45.24 7005.75 1.61 40.48 8755.8 1.99 26.49
4132.15 1.59 41.49 7356.7 1.68 38.09 6211.3 1.35 50.27
4268.35 1.36 49.78 7705.45 1.84 32.00 6219.95 1.51 44.40
4475 1.46 46.22 7718.7 1.66 38.78 6286.45 1.50 44.54
4702.95 1.54 43.24 7733.65 1.45 46.53 6353.2 1.53 43.70
4709.55 1.67 38.24 7747.65 1.56 42.36 6361.15 1.39 48.89
4781.6 1.66 38.64 7502.25 1.46 46.03 6369.3 1.43 47.31
4854 1.49 44.84 7256.85 1.49 44.96 6436.35 1.11 59.08
4864.4 1.64 39.43 7272.6 1.44 46.91 6550 1.75 35.59
4874 1.64 39.66 7285.7 1.46 46.12 6625 1.70 37.12
4879.5 1.55 42.88 7344.95 1.53 43.65 6665 1.64 39.43
4885.65 1.78 34.22 7402.95 1.70 37.45 6687.25 1.59 41.43
4892.55 1.68 38.12 7415.5 1.58 41.65 6698.45 1.67 38.47
4901.2 1.51 44.12 7426.95 1.73 36.33 6714.1 1.63 39.71
4910.05 1.50 44.76 7442.75 1.80 33.52 6742.05 1.66 38.78
4917.3 1.64 39.44 7461 1.34 50.71 6765.5 1.67 38.34
4924.8 1.68 38.14 7507.65 1.56 42.29 6777.85 1.57 42.23
4932.55 1.49 44.88 7553.45 1.51 44.29 6794.45 1.68 37.89
4940.3 1.58 41.82 7569.65 1.47 45.73 6799 1.59 41.28
4946.3 1.54 43.21 7586.25 1.53 43.46 6811.45 1.73 36.30
4951.1 1.92 28.98 7593.55 1.80 33.71 6826.9 1.67 38.53
5051.7 1.55 42.78 7608.7 1.71 37.03
5225 1.66 38.77 7624.3 1.90 29.87
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Table F5: Bulk density and porosity calculated for Core 2. 
 
 
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
4.45 2.48 8.46 1413.15 2.03 25.27
54.45 2.22 18.17 1422.9 1.75 35.58
103.9 2.51 7.33 1489.45 1.82 33.02
117.35 2.37 12.56 1555.55 1.80 33.49
137.75 2.45 9.78 1566 1.63 39.85
174.3 2.34 13.74 1577.6 1.88 30.77
205.95 2.23 17.54 1590.4 1.79 33.97
219.6 2.43 10.33 1603.85 1.74 35.83
231.15 1.95 28.12 1613.9 1.63 39.77
242.55 2.21 18.46 1620.15 1.61 40.55
254.7 1.89 30.25 1627.8 1.66 38.80
304.65 1.87 31.06 1740.95 1.58 41.73
359.8 2.23 17.75 1853.25 1.74 35.73
376.9 2.09 22.86 1859.75 1.63 39.91
396.05 2.32 14.57 1931.5 1.51 44.14
410.25 2.47 8.73 2002.7 1.38 49.13
428.55 2.26 16.44 2008.7 1.80 33.47
455.55 2.23 17.76 2014.7 1.68 37.85
470.2 2.23 17.54 2083.7 1.61 40.46
486.9 2.35 13.10 2154.75 1.78 34.18
516.35 2.38 12.17 2229.75 1.42 47.47
545.9 2.09 22.72 2375 1.53 43.53
568.65 2.28 15.99 2600 2.28 15.87
588.25 2.31 14.66 2900 2.40 11.49
603.3 2.14 21.02 3200 1.74 35.70
612.4 2.40 11.61 3650 1.55 42.63
633.25 2.12 21.76 3955.05 1.97 27.30
664.05 2.07 23.54 4030.05 1.87 31.07
694.45 1.92 29.26 4250 1.84 31.97
719.35 2.09 23.01 4403.5 2.13 21.23
741.6 2.13 21.34 4411.5 1.71 36.84
777.65 2.40 11.53 4421.3 1.90 30.04
802.5 1.98 26.97 4563.3 2.37 12.67
811.4 1.99 26.56 4775 1.60 40.96
883.9 1.25 54.01 5000 1.73 36.03
1025 1.59 41.24 5153.65 1.69 37.58
1105.25 1.38 49.10 5161.35 1.71 36.78
1180.25 1.62 40.26 5167.1 1.60 41.11
1325 1.41 47.92 5234.4 1.73 36.11
1404.7 1.79 33.82 5375 1.82 33.00
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Table F6: Bulk density and porosity calculated for Core 6. 
 
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
Mean	
Depth	
(cm)
Bulk	
Density	
(g/cm^3)
%	
porosity
18.7 2.39 11.68 4853.6 1.34 50.62 7185.7 1.92 29.09
41.25 2.32 14.46 4928.6 1.18 56.53 7259.6 1.34 50.44
57.4 2.35 13.17 5004.9 1.62 40.21 7307.6 1.46 46.17
83.8 2.26 16.48 5013.6 1.31 51.69 7373 1.48 45.41
107.65 2.27 16.24 5083.7 1.39 48.65 7407.55 1.65 39.08
158.7 2.43 10.26 5153.55 1.66 38.84 7482.55 1.47 45.86
214.05 2.42 10.67 5159.65 1.60 40.94 7561.25 1.78 34.25
245.25 2.30 15.28 5166.85 1.44 46.76 7579.95 1.70 37.27
278.05 2.19 19.01 5177.25 1.40 48.50 7594.5 1.65 38.97
297.7 2.02 25.55 5241.5 1.50 44.83 7607.7 1.78 34.39
325.85 2.20 18.85 5305.55 1.47 45.84 7621.15 1.69 37.79
362.9 2.16 20.24 5380.55 1.59 41.41 7664.25 1.68 37.83
392.55 2.09 22.71 5525 1.36 49.81 7710.1 1.61 40.77
426.5 2.07 23.65 5605 1.37 49.53 7731.75 1.97 27.17
455 2.20 18.95 5680 1.67 38.41 7758 1.86 31.48
483.15 2.15 20.52 5757.05 1.66 38.80 7811.35 1.78 34.21
526.15 2.02 25.41 5772.1 1.74 35.83 7853.85 1.78 34.23
576.2 1.84 32.09 5783.2 1.87 30.89 7866.55 1.62 40.36
625.05 1.83 32.41 5918.15 1.73 36.17 7878.55 1.89 30.19
725 1.81 33.14 6053.45 1.64 39.32 7940.85 1.95 28.02
875 1.26 53.41 6060.3 1.62 40.05 8075 2.17 19.90
1100 1.52 43.74 6067.4 1.41 47.89 8169.55 1.85 31.59
1325 1.45 46.60 6075.7 1.93 28.90 8244.55 1.70 37.30
1475 1.28 52.88 6087 1.45 46.63 8305.8 2.09 22.87
1625 1.58 41.70 6146.85 1.45 46.33 8325.15 2.17 20.03
1775 1.59 41.20 6216.5 1.57 42.06 8394.35 1.84 31.97
2075 1.16 57.04 6243.85 1.80 33.61 8453.7 2.08 23.39
2375 1.43 47.10 6302.35 1.83 32.46 8528.7 1.98 26.94
2454.85 1.54 43.14 6357.9 1.72 36.45 8608.25 1.97 27.25
2529.85 1.46 46.25 6373.45 1.53 43.53 8683.25 1.90 29.72
2603.8 1.49 44.90 6388.85 1.47 45.93 8757.45 2.01 25.91
2678.8 1.11 58.86 6408.25 1.42 47.58 8832.45 2.10 22.69
2900 1.18 56.63 6429.4 1.65 39.00 8904.15 1.93 28.79
3051.3 1.43 47.39 6469.45 1.40 48.28 8912.6 1.95 28.17
3126.3 1.18 56.64 6507.5 1.57 42.05 8983.45 2.04 24.69
3202.45 1.51 44.32 6519.8 1.67 38.33 9125 1.80 33.49
3209.3 1.61 40.76 6535.85 1.76 35.10 9204.55 1.31 51.70
3281.85 1.77 34.66 6598.55 1.83 32.45 9212.7 1.88 30.52
3425 1.50 44.71 6653.05 2.00 26.25 9219.6 1.79 33.92
3506.8 1.70 37.42 6664.25 1.81 33.16 9286.45 2.07 23.74
3519.2 1.56 42.50 6683.95 1.66 38.61 9352.75 1.80 33.43
3587.4 1.54 43.23 6702.55 1.86 31.25 9357.85 2.35 13.18
3725 1.82 32.91 6754.8 1.80 33.62 9370.15 2.26 16.76
3803.95 1.82 33.02 6819.25 1.79 33.97 9440.05 2.03 25.00
3878.95 1.52 43.80 6845.95 1.57 42.03 9575 1.59 41.46
3958.55 1.80 33.62 6901.7 1.85 31.75 9654.3 1.51 44.35
3970.3 1.60 40.92 6960.5 2.01 25.72 9664.1 1.36 49.70
4036.75 1.44 47.05 6984.6 1.87 30.95 9675.65 1.52 43.75
4250 1.48 45.55 7049.1 2.07 23.53 9740.85 1.74 35.94
4550 1.15 57.47 7105.95 1.82 32.93 9875 1.44 46.76
4775 1.20 55.67 7116.65 1.91 29.39 10025 1.26 53.43
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